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;l/©H*^ft^^fe/c6-r^DSL©^MnIigft73ffi-e, lift -3 /cBf jS •eUSf * ft 3 Hft 
•afeKfBtc^JS-ra^^^^^ffl^T, ^ * ;l/ © < o ^ S ^ it f ^ T * , ¥ n ± , 
HIWtt5Cttft?So C ft fin A T\ a o / S t± , Sft-3/c77-feXK#j£SjS 
t«H£Lftiif t*;Hry h^MtfLTfflt/^ftW^i:LT, H ft ^ fc K « t » JS f 
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pi ff , ^ < o ^ cd m m jb as t* ff , sM£ffl^&ft&<##s©M£ftjS7&7^*;v 
©»#?m^73^»/-F£js« : lt, s s ^ t± , #s©a«RMffl^Ti£i&/-F 

©fflfS J; 5 tl^tSlttitfSSLT, SiffiSff, IRL/ilifiitS 

tSLTiI©fJ^T^i^2^, Miff, IgLfcgi^Ml^^rii^i^?*, 
t ft £ J; u , #S©MM£ttJS737^*;l/^^yh©lfc£m*2^3C£^^i- 

S o 

[ 0 0 0 9 ] 

Iff t *;l/%4jSt«otM^en«IiSflS«ffi8nft<t«<:i:ill'?* < LifL 

ff , cn^iisiafigna^. Miff, fg 1 k « £ ft js -r s a m 7 * * ;i/ e. , mi 
gittg§n*i^2Ki^M^ns2ft?ciif t^^'xoiftoi, n ft /= *b § 
n4^gi?4jiic2nftiif + *;noiii±, § is n & xs / * /c t± s m « ft 7- m m m 
ft , a.-o/%rcnmms! ! m<Dmm*&m£'r & Zo z © m & ff , # s © & « £ *f 
js f s fi ^ © is * l f C s m r is / * /c ff as ft £ ri & l ft ft ff ft e. ft ^ # s © ^ - f y x 
7isgft, mas, ffli^ e. 7 y 7 7©isc© «t 5 ft MWft, a. o / s ^ a * «d fisi © 
M»*»£c8fftiDSsn*ft»7!*s. a <s & « ff , loKioiffta^ti^ 

T^SISnftltSfitj;!), Ltf L(f IS? ftTi/^o 2 o © 5 "5 © - 7? © ffl fl K « © 

gfffcSSSfcttM-rsaflgif&fiDiiB^tf , 2 o<Dffl«&#j©ffi73 ©Sff ^is u * 
[00 1 0 ] 

*SSt{lE^tII2n5'>Xfili, '> ft < t, 1 o © a fB -fe * - M £ # t? , «fc 
D - IS £ ff , * ft © -fe )]/ * # £y o & -fe ;M± , 3>4< fct % % © M IS 

fiffi * , Miff, #»SIii, Miff, ioKiolift*;^t^^yh*ffl^T^f 

ft ^ m s © s? ^ -<? m ^ i: - is £ a ft 7 s 0 s^^fciifn;^, n ft ft a {§ 7 
* ;i/ * ffl ^ n a , m t> m s ft s b# pi t? , ii ft ^ ft k m a ^ 3 h « w ft ^ $j nT ft 
s/tff, &s ^jST?*»oaflK«*5S-r s c ii £ .t d ussnft^^^-ff 

<f ©5&[j£*£frT fca&, 4>ft < ii fe^ < o^0ftt«flffi*{4a[»0KW*5a-rSo Miff 
, SSM*«, 0FDM&tlCDMAll5Jlt**5l^*^5. ^<O3^0«S«Sffi* 
iiiftOSffi^JSt?* 1 , S0©MS*ff 1 o0Kffl7£W-*5«-rsiI'&tf fcSo Mi 
ff , ^ < o CD to |g S * ff 1 -o © § fB 7 y r ^ # <£? if # ^ D , ZfD-fiV, m © M Hi 
S*ff «i5c©SfS7 yff^^Cffl 3-tf&5o «I5(©SfS7 y7-^^^<&to||S*ff , M 

iMO*ffli\ ^1 © S ft 7 y f- 7 -& ^ S t T 5 ffl fS ^ 1 , 1 -3 © s fl 7 y f ^ * 
ffl ^ S K « £ *f JS f S f- * ;l/ i: © H T* « 0 m i S d ii ^ T? # § ±1 # ^ § 0 l o © S fl 

TiS?ftfcf^;^)!i\ ftHibTIilifiSftfflf*?)!)', « ISC © S it 7 y 7 
7 * ^ S i: f 3 7 + * ;1/ * 4 ^ f C t W t? * ft ^ „ 
[001 1 ] 

WSOW^l^f^^WMftl^Jfit^fe)!), * SSC © S « * S « T S # to 
SS*tt, 2ooiftoft, Miff. IBgtxft l^i^ffl^TlS?tifc'>S < ii fe 2 o 
©7-¥ ^;l/£*ff S SKIf #B-fe -y h , Miff, S N R ti ffi * It ft f S 0 ^<"0^©HSfi^ 
l^li, to| 7 ss*ff M©7-¥ *;1/cdKt? , Miff, II ft ^ fc 7 * ;V £ » JS "7 3 S K If 

cfc*^sn«iO>k:It}^TI!Rt8 0 1 "D(0 z. © J; 5 ft H ffi H T? & , MI 7 SS*^?7S 
LftKi, &D : /S/ctt#S©S«£«JS-rS7-v^;l/*7 PirM© n n n K fe /c 5 7 

c ii ^^tfl^^iisstfiia^iflt a o gij©nffl^n^ff, to^s*ff, iift-^ 

tc S « * ffl ^ T H S * ft ^ ft < t fe 2 o © 7 * ;l/ £ M T % 3, m If IS * * i s « ^ * a 
±4 S -\ )M fS "7 S o ^£, SifiSff, to|gs*£0TS©ttlgy^;l/^4iSS«^ffl^T^ 
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» ft f- * ;F » ft 75 & tt , St|St'362o 

[0012] 

ftfc F v 7^-fsS7 Sfcfct, Mx7£, 5 SiSnftMiW4 

^ )i fi * n /= # 7 5 7 ^ m if. © #j r zs / s & m t a -3 ^ r b# ^ , tg^ns. 

[00 1 3 ] 

f- * * ;F ^ ffi 3S T? £ f b T % ±§ f> , M ts tifi * ^ + * ;l/ « m ft u * a m m ^ 7 ^ - F ^ v 
MAfcf, ftig^sffb, a. o / $ t-c t± , ^ntfle^ mm? % m% -em m 
*^L<^iEst"e*i/^@atii<ftS'<tT*feSo a f» it « © fs s ^ l tf l a\ nt^ 

tfffi?*SiIi'Xfi?tt, &«fiS*fi!)3fliIfc fe •#* fc ?- * * ;l/ 18 7 

^-F^7^ffl^t, & 3 17± , f- + * ;l/ « il 7 - F rtv t> % ^ < ffl ^ f\ I^lf, 

7 7 r 7 as fs ^ # - 7 * 11 ffi t § a ft r i j * m 7 s © # m s l ^ 0 

[0014] 

&SBflffi*0»##*$;tettJt«WiI^iI-&, M^^*^e»©7^- F^-y 7'lflS^M 
[0015] 

, laLftgjscioaisii^T, &. w <o $t it % $t &•? static £ 

mmwiti'y i± (gps) tsig*ffl^a«fc5ft*s3 , sft j t0fi!i0KW*ffl^Ti&#(o 

L< li£< =r^^)V^my^~ h*/W ^fitMMi: L ^ Sffi £ ffl ^ S ^ 
[00 1 6 ] 

fjfSW&raffitfiUfcT, S fB 3 ft S 7* - £ © fl || , tfftf-^Oiti, tsogf t 
ttJSf3^**;V0gKfc^*£4*3Ji-&tfi&3 o M x. , ^ < o ^ © g « ti , ft m m 

f^fh77-f y^tltSCfc^-pS, gij©5fi(i, « ^ -y h 7 -y 7° Bf S * W & t f S 

i§ ^ s ® m m w * r - * as « ic m -r s c t ^ t? # s „ 

[0017] 

ti^JS^IIlTJtSiltiiC^^S. cntJ;i), teSS*^, £ ftfcttffi 

^litfl^TiSffiStfJIttSIIS^ft/^irXSiOia, CDMA, OFDM 

[00 1 8 ] 
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[00 1 9 ] 

* ^ m it , % m © m it 7 y r 7 * m ^ s *s ts v ;v f - a - +f - m it y x f a © ^ f* w % 14 

tBfcffii&S^ffi&tfgBfcM^TSo ##£LT#l^$ffl»fclW^WMi&Atl?>tl3 2 0 
00^1 0 £ 1 8 0g^O*a#^ffi«iO 9 / 6 9 1, 7 6 6 ^mmWVmmZ fitcis 

Lttff tSIf-^Xf ittftSWt, 3 a - - 5 grj © 1 o © a - - *\ M L < £ 

it? & % % ti<o & & ? * * frfti&Rxfft&%G? & tiL&<Dtem^-v - ^<d / & z <owm 

^LlfLff, #Stt5„ *«W*l!l!Bt8l»OftJ!), £ © K f ffl * © ^ ffl * W * 
[ 0 0 2 0 ] 

ft ii T 3 o T © §J TO ii ¥ 7 yv y 7 H jS * # fc * 3 , d © S ffi 

&wn±, -mmv&vT, mz-ts, m m «s * # * m © }s « 7 y r 7 * w -r s y x 

f A t O 7 7 7 'J >^lcfejiffl-e#So 
[ 0 0 2 1 ] 

*«WOtfi^i:fta#A{4, y X r A ft © ? 'J ffl rT fi & £ « « « © U 9t »J £ i § « & © M 
fll r/H7j ©£i?Sci?&D, ola^W7TlS((DSff7>Tt^ffl^§S%^cIflg 
ffi © H 51 & 3 „ 
[ 0 0 2 2 ] 

«wtitui\ r/w7j PJfflnri^x7'jy^«i©-a5»t 

Sll^^fn^Ot^j/W^OlIft * ih a n«^»fiLr ffll S T* t 3 J; 5 t , 
#Jffl^fc@E&fi*^<ofr0/W7fc#»J3ftT^S o H M ?y ^K?, $ & ft # 

[ 0 0 2 3 ] 

t^citt i5M?iJ;H7^I^t5„ lift, ffi»l0 2±©HM*f«»l0 4±© 
M<D^771 00f$2. glii, 4 O CD ^ 7 y U y t> M fl| / W 7° A 1 0 6 , B 1 0 8 
, C 1 1 0 R XS D 1 1 2 £ # ty o /W 7° A 1 0 6ft, ZOfiD^S^S^MSSSC-fe^^^h 
106A, 1 0 6 B ;£ # 7* , fij }S M 14 © ffl © © ^ / 7 ^ g C t # £ 0 / W 
7 B 1 0 8, / W 7 C 1 1 0 & / W 7° D 1 1 2 It # 4f , 1 ~D © JU ?& ISC -fe ^ ^ y h £ ^ 7* 
, ffiiilft O a - f - (D /c J6 © /U 7?:g t c t ^ t t 5 „ x 7 U y 7 M <& B# Pe§ 
fJ-T 3 c ii J; D Mjrj^-T 7°^# 6 n 3 gtj © -HfflJ^ SI ^ 0 2 t ^to 8 2ft, 1120 

2 ± CD M S ^ ffi m 2 0 4 ± <D Bf Pel © 7" ^ 7 2 0 Ot'S5 0 H 2 tt 4 O © -fe ^ ^ y h 2 0 
6, 208, 210, 2 1 2 ^t», #t^7l- 2 0 6, 208, 210, 2 1 2 « |WJ 

fflo-ifflfiic o&w « c t^t^5„ b 3 a, M 3 0 2 ±(D^mmMmm 3 0 4 ± 
©Bf 10^77 3 0 0 -z?&3 0 g3ta, 4 •octiaw^MrS^^^, -r^^is, 110 

»iWSMigStf« 3 0 6 , S2©tiW4M«Sf« 3 0 8 , ® 3 © tf S W * ffi ?jj SS[ # 

« 3 i o Rxsm 4 ©!»aiwaMat»w« 3 1 2-$r^t- 0 H3ict±, 3-o©BfrEg#, -r*^ 

■5 , ^ 1 © S ^ 3 1 4, fg2©B#F B 1#3 1 6 RXJW, 3 © M # 3 1 8tg7 0 |3t'l± 
, #/W 7 3 2 0, 3 2 2, 3 2 4, 3 2 6tt % #S©lftaW*M?fiSClBHtMS*nT 

/casi©^f^a^^ffl^r, B3©iaoft/wy*KBijts. ^c»»i^*tt5i 

fttj /cMr^iCBf P^/'n -y B3J C/W 7 0 id^jST S o 'U73 2 0tt|l ©Bf K#3 1 

4fl£JSa»f83 1 2^^46, m 2 ©Bf ®ft 3 1 6fitl»$ff« 3 0 8 *fi», |3 
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(D B# PeS # 3 1 8fitMtSfS 3 0 6££i6So /W7°3 2 2(ill«^|^3 1 4 ft £ 
M riS 15C Iff « 3 1 0 «i6, Wi 2<Dmm&3 1 6fltfl$Rf« 3 0 6 *^!&, $ 3 <D IS? H 
#3 1 8p<3£MMM^3 1 2, 3 0 8 £r £ *6 S o / W 7° 3 2 4 ft Iff 1 (D f*# PeS # 3 1 4 
tMS»fS 3 0 8 *fi6, S2ClfB#3 1 6 ft £«M« 3 1 0^^i6S o /W 7° 
3 2 6 ftg! 1 CDBfS^ 3 1 4 fltMitf « 3 0 6 ^^J6, S! 2 (D B# PS # 3 1 6fltMi 
M« 3 1 2^^46, 3 CD ^ TeB ^ 3 1 8ft£HM#«3 1 0«i6S o H6tB, C 
DMAStfO F DMi/Xf AtiM/Wy^Ml^cM^WSIl^l^^f o B 6 ft, M 
^W6C DMAv-Xf ifl«3-)0;U7\ T % ft ^ , / W 7° (1) 6 0 2, /W7' (2 
) 6 0 4 Stf/Uy ( 3 ) 6 0 6 ?$tM6fl0tS5„ l| 6 0 0ti, Mtt^It 
« 6 0 8 ^^Cf. I^WSCDMAi'Xfili, # * 1 . 2 5MHzO/W^*iL 10 
, 3"3©/U7° (/W7° ( 1 ) 6 0 2 , /H7" ( 2 ) 6 0 4ftff/W7" (3) 6 0 6 

) ^fefc&t 30©ili 6 0 3, 605, 6 0 7lC##J2ftfc:£gB-Z?5MHzfiD^i$i|i 
6 1 0^|f§, ffi^t, l O 5 M H z CD C DMA^Xf Atli, 3 0©1^J/W 7° 6 0 
2, 6 0 4, 6 0 6tf#ftt5„ 0 6 £ ft , M ^ 6^ & O F D M i/ 7 r A F^I CD it Si © ^ 4 7° 
*itl!6 5 Otgt„ 1I 6 5 0 B, HiS^gtfi 6 5 2 ^^Jf 0 I^OOFD 
M->XrU, NlOF-yt^lJ^nfc^ait'SMH z«f )Stg 6 5 4 ^ft^ 0 d d 
7? ft, f@^©h-y^a-r©t, S(4^EP 6 5 6 ?:ffll^ 0 |6tii, lIi^NI(DF 
-7 6 5 6 ^4-3(0*7**7 F 6 5 8, 660, 662, 6 6 4 £ # ?J 2 ft T ID 3 0 Hffi 
650 ft, 3O0M^J;U7° 6 6 6, 668, 6 7 0 *tlf, il 1 Ol5«|/W7' 6 6 6 tt 
, 2-3©[--y*7t7F 6 5 8, 6 6 4 ?:ttf„ S 2 © M ^J/U 7 6 6 8 ft , l^OF 20 
-yt7t7 h 6 6 0 5$tf„ 13©M^J/U7 6 7 0ft, 1 h-y^^t-y h 6 6 
2^#C? 0 I-jT, l © 5 M H zCDOF D M 7 X f A t 8 , 37©tI/W7tf#ftt? 

[ 0 0 2 4 ] 

B7ftH7 0 Z±OM»|[Sa« 7 0 4 iOHH0^7 7 7 0 0 7? o T , ffl jjs 1$ fc 
C D M A S ft (i 0 F DM77f l tffftSIJlJ'WT"? jto 0 7 7? ft , 0 

^ <D C D M A £ ft ft 0 F D M -> 7 r A ft , Hf # fij 75 S 7? 2 O © M fl| -f 7 7 0 8 , 7 1 0 
ICi^t^nft^gp-!? 1 . 2 5MH z CD^litl 7 0 6 ^ft§„ gfcofc&i&a^fcffl 
ID T , S4^ft;H7 7 0 8, 7 1 0 © fiic # * ^ T c -73©>'W7°©fiSc^^^-rcDt7i<¥ 

its * ffl id > fis 73 © ; w 7 (D gsc # * * -r © t m a & * ffl ^ s 0 'H7 ( 1 ) 7 0 8 ft , 5? 30 

t 0 7 1 2 t , 7 1 4 $ 7? , f LT, 0# Pe§ t 2 7 1 6 ^ t 3 7 1 8 $ t? 1 . 25M 

H z Of Si'&fif / W 7° < 2 ) 7 10ft, B$ |g t , 7 1 4 5 t 2 716*7?, 

■f LT, Mt 3 7 184^t 4 720$ 7? 1. 2 5 M H z ©f f|fS^ fit t § „ 
[ 0 0 2 5 ] 

CCD J; a tJgjSSnft/W 7°cD#^ ft, SflaT?5pJfflRr^ft*»OSIfl7yr^fi!)#S 
ffiffli:Hlft»6nt^«, -lie, S4^ft/W^(4, ftJ ffl rT f£ * 7 y r / * * £ 
1ST?, / W 7 ft V <d m it k m * , to & f - + * ;P # 14 co # £ © IB • £ II il it V # , c cd g 
fHK«ft-f££, a-*-cD#Scoffi»t ii-r So c <D^fj<DH£ L^#14ft, msfh 
« , # / W 7° £ *f F5 f S f- * * ;l/ « H * ffi ft L T gg % 7? # & t7 ft ft & S» & id ii id 5 d i: 
tJiSo c cd c i; * 51 fiSc 7? # s l -o co 7i ffi ft , M x. ft", ;WD7F§^/H7ti4Lt 40 

[ 0 0 2 6 ] 

* m cd m ^ « % ii » ii * , -t ;i/ s *s ts x - 7 a {§ y x t a £ ^ l t k t t m m ? 

So IS»S77fitt, # 88 f S C t lc j; D * TO IB » £ ffi K X ft S ft 3 * B # fF ffi K H 
0 9 / 7 0 6 , 3 7 7 TO ID « & t>' * B # Hf iii « H 0 9 / 7 0 6 , 1 3 2 ^ TO ID « 7? ffl ^ 
StlftJ'XfitUKtS. i^W47Xfi(i, Lftiif tfaaLftv-Xf A 

© ie * # ^ , c©l ta, M^w^^xrA£*ieTO^iiffi^*So m ^ m & m m ^ 7 

r A ft , * n TO * ^ TO T 3 B W © ft a& £ M ^ ^ ft S ^ , * 5g TO ft , M^<tDfelS^SBHF«3 
t % D , - 15 £ , ^ < CD gij CD il it is 7 x A £ t> * l§ TO * 91 if T? * 3 „ 
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m m 7* - * m m y x -f h t? it , x 7 y y ? » « a , # « fg , at s k it m 7j * - is t # 

;i/fcftfn5. 7* - * f± > F77-f7^t^;n?^yh ( b§ l t , h ^ 7 -f y * -fe ^ 
/ y h ) flth77-f ^*;H<:bft^Tei2n« 0 h?7-f 7?t^^yHi, 

% |J ffl rT tg ft h 77 7 ^ -y * ^ * * ;!/ * U © M * S ft f± S ^ # (4 L T ffl 7? # S „ ? V > V 

y ? h ? 7 j v ? * y h i±, itti!!i^iissstf-^h77^7^^ati, 

CD-73 7?, 77 7°'jy^h77^77t^^yf(i, f-^ h ^ 

*%H*Iffl?!S8 lOO^fitt, *B#f SiSO 9 / 2 6 7, 

4 7 i ^mmwicm^z titcx^z mi/ksco f d m («sHM5i-?j^«ft) ^«7 * 

[ 0 0 2 8 ] 

* H m % M K "T 3 © C C T? ffl ^ « M ^ ft ft y X r A 7? ft , F77^77i?7*/;yMi 

, ^ m<D m mmmic & rc ^ r ^m<D mmm h ~ y * *g ts o M^j;w7o#^ti, nit 

- y yymmit, #777°y v9&xf?*;vv y * h ? y * v ? * y y *§>m<Dmm 

lc m t5 ^ T & ft * © 1 o (SftiifiUU) tfl«T^ilIflO-&-7a-;V(?$§ 
o mS©h^7^-y^^7<yh£lo©/W7 0 ft£^£73feS£^T?^ J= t> — JR 
Wtti, COh77^77-b^'7>h!±, 2 O fit ± © >\J 7° ft t , % ^ t± , # 7° ft 
S«»&tf£ff«fci:, /U7rtOf77^77t^7FO 

[ 0 0 2 9 ] 

a - +f - ^ © h ? 7 7 * -t ? ^ y h © to o a t * -t ? ^ y h £ 1 1 fj ^ . a ft ^ -t? 

y * y h * , Sft-3 7ca-+f-'\fJDSTSilii^7?^So I8ti, SWtftf ?nsb 
77^7^^^7FS^tl| 8 0 0 ffe5 o 0 8tt, HBi£ititt8 0 4 £^tS 

, ffit&mztm-rmm 8 o 2 £#7*, «sw4F77^77t^/;yFS7D7Ft5ot 

ffll^nS. MAS, H 8 £ a , |^I^tO^Titi^^t§t^77hA 8 0 6tf 
liiX^-7a-7tit)a-f-# ltlDSTSh, IS » a 7K t o ^ T * ¥ IS * 
2-fe^7>hB 8 0 8 ^a-f-# 2tlBat5nTl^o liMX^-7a-7li, h 
777 7^-7l&'ft7WH^Itf9TF77^7 7f7*;^^7 7h^, m ft 
ft a - +f - t M fJ D S T 3 C ii ^ T? # S 0 f t*;Hr^7i y hOfJO 

- H t? -fe ^ t< y h c: i: £ » ft f ij 0 3 T § o 

[ 0 0 3 0 ] 

* f£ 07? © M ^ ft ft y X r A 77 f± , a - - ^\ c7) ^ 7 y 'J y ^ ( & 7 -y 7° U y ^ ) h ^ 
7 y ^ ■¥ * ;P -fe ^ ^ y h © f ij 0 3 T fit ?g , -il©fiJDST^r^^yh^^<&fJDS 

tft*;wci(fti5„ #h77^77*^^ym, ®W 0 f J D S r * y h t mm 

tttfent^S. fJ D 3 T -fe ^ / y h tt , 10K±«h77^77ir^7yM<:It§|J 

©h77-f MciltgfJ^T'by'Tiy Mji© ( a JSC © ) h^7^ 

-y ^ -fe ^ ^ y h £ *f f S f 1 J 5 3 T If S * g 51 -T S o f IJ D S T ft & It , MM<D ( & SSt © ) h 

^7^^^yh#fijfflf-3©£?jDST£,nfc ( a ssc © ) a - ^ - % * © a su ? t 

, II a© («©) h^7^-y^-t^/yh£ffl^?>ti?»^^ft&tf^ii77Si:^ 

^•£?Ci:^Tf#S 0 B9 1i, fJDSTiih^7^y^-fe^^yhi:©MJS^^t-Hffi9 0 
0 7?2&3o H 9 {±, HHSStSi 9 0 4 ic74TS, HMMT M 9 0 2 ^$77, M 
^WSfJ^TSy , h777 7 7t7'7yh^7D7 M-«£DtMt^ti?„ M 7l ti\ H 
9 ic It , iI©h77^77t7'7yhA9 1 0SHB9 1 2£^n^tx7^js-rsfjDS 
T ft |g * fE 51 T S 2 73 © # J D S T -fe ^ ^ y h A ' 9 0 6, B * 9 0 8 *gt, f J D STf 

* ;V it , ttf?n/cf t*;HSt-fe§o a - +f - a , *ij D S T 9" ^ * ;i/ ft t e Ji * n 

h % m ffl f a o i^rt^^yh^^fn^ioo/uyttftScfctft-t, «t t> - 
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m tti £ It , II 7v 9 4 A - is r -f * if J?Sc -T S «fc 5 £ ^ < © >W 7 $ /c f± # /W 7° £ fc T 
fj D Mi T -tr ? ^ y h % "Z? # £ o 
[ 0 0 3 1 ] 

a ±4 a t «£ d 9 7 y u y * y v 7 v 9 -t y * y h ± £ as m * ft /= r - * a , *f $ t f 

-y 7 U y ? -tr 9 * V h ±£gfS nftf-^ f± , » flfi Jf ft © S (H «t £ <fc D « ^ ft * ft 3 0 

mmz nzt ? * y h a, sihi^sjw-t, r-^^inssta^ft^ft/c^^ 

SStSJtSlfy h*^??o d © d i; * ff 5 © f± , M H f- * ;!/ ft s ffi Sf T? # ft ^ * ft 

t> , Sfio J; 5 let? fca&fcfct, x- # h v 7 4 v * if igSf-&14Sft ^JtSWt W 
T S ft a6 S o 
[ 0 0 3 2 ] 

* -tr 9 * y v (D m m it ssc * f s ^ t l ft ft ^ l , ftKt«frtLhst\ * ?e to © m ^ w 

SJ/XfAf!^ h =7 7 -f -y * -fe ^ ^ y h <D § ft % t± , -fe ^ ^ y h ft IE fit £ § {§ * ft ft 

it is t± , - a © # s js g -tr ? * y h * ^ <& * je js ^ ^ ^ * ;vt a a - ft s 0 # h ^ 7 ^ -y ^ 
^ * y h it , @w©#SM^^yhi:H)itt«-p>ftT^3o ^7y;y^h^7^ 
itsjssb^^yhtt, 7 y 7° u y ^ ft t s 0 r v 7° u y 9 h 
77-f •j'i't^^^hci^, *sjsst^^>m, ?^yjy^«§, a /h ps t 5 
t± , #SJS^-t?^yM±itr>yh©fiM, Mxtf, iioh77^7^*^^h§ 

IE 5S ic S fS L /c H a 3^ * ^ -T e 1 >y h * M T % 0 7 v 7° U y 2 Fv7^ 7^^^ 
ii#SJS^-fe^^yhii<7)S-e^46^S^ftrcl|Stt©rc46, a-f -Igijf g It 
js^^^^yhftcD^^^yh^yx'y^X(Dj;9ftgij©lfl@^fE}l-r§^s^ft<-rc 

^715, # S m -fe ^ ^ y h * ^ f ft ^ 1 o © / W 7 t # 46 3 C il * s t? § , «fc D - M 
[ 0 0 3 3 ] 

#SM^^yM±, a-^-S*tj;0-|Stffl^e»ft, d©a-'9'-ffi*{±, g'J 
©a-^-^*7'ft<, V&m<D h ? 7 4 v 9 * ? * V h zmM-T & 0 'iitiX, MJKDV y 

v (7 v 7 u y ^ rv? 7 y u y * ) t? a , Mxtf, is^f;a-f-tf, s ft ^ fc -fe ^ 

^yh^, Sft -3 fcHS * !/> S i: !/> 5 J: 5 £ ^ #S JS^ =f~ ■¥ * ;!/ * «iSC © ^ - +f - £ J; 
Dffll^a^t^SOl?, WSfSSf t*;Hi, «t?h5«ST»5, « # 5 ft £ * 

$^6«i4^0?, #SJiS«Ff-^*;I/Offiffl^6SCS^^ttft^o Hi 0 tt % S ff L /c 
h^7^v^b^^yh£iSS : bTiMfS?ft/c#5£E5S : ^^THffil OOOtJS, Hi 

oa, ^7yy >7 h77^ 7 7t^7y h^^tctfflv^h/cii i oo4±©a$ 

Sfti| 1 0 0 6 ±©[||©Bffil 0 0 2 ^gO' o H ffi 1 0 0 2 T'ii, M ^ W ft 9 v y u 

yn77r7^^^yH i oo8Sffl^fis?^yyyn77^7^^y 

hB 1 0 1 O^^to Hi Ott, KHl 0 5 4 ± <o H St W it Ifi 1 0 5 6±©BfPEg©Hffi 
1 0 5 2 tt»> COHffitt, SffL/c^7yUy^h^7^-y^^^^yhfS^£JS« : 
LT)MfS^ft/c#SJS^fS^*^fST£co£ffl^§Cfc^T#£7y7yy^#SJS« : -fe 
^'^y t*;y©fS6^t^'^y h*/pt©l<:ffl^f,nSo Hi o©Hffii o 5 z it 

, ?*7yyyn77^7^^^yhA 1 oosssb 1 o 1 o <d n s js s tt is * e a 

t-S2-3©7 77U y7f£tS§t7'7yf A" 1 0 5 8 SO'B" 1 0 6 0 *gt, 
[ 0 0 3 4 ] 

H 1 t{±, ±3Lfcffl^«4 0 F DM-7Xfi©#a^f *%BJ5©I*»ailff^I^ 
LOlWlT-a, fiJffl^ifgftMfHtt, Sft -3 fca-^f-£^lf £«|&-r£©£ 
ffll^CfctffSS TAJ 1 0 6, TBJ108, TCJ110, r D J 1 1 2 t L tc 
4-3©l^J/W7tJ|tSf^ v |J2tm^„ /U7l 0 6, 1 0 8, 1 1 0, 1 1 2 © 

# 4r i± , jm T T? fS 0J§ "T S <t d £ , ^ftgf*©27yx7"iSf§e«i:lliaM^?>ftTi/^ 0 
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3 0K±(D7yff ^\©fiI^nIIt$§o 
[ 0 0 3 5 ] 

*M£iplt, 7<d#^ a, zftf?mmi£ftrc^Mmfticx^?h)imm^'$. 

% m n v # s o #s©/W7 0 ti£jtiftttT©f t^wvtMi^ns h-xi, / w 

«fc 9 -JKWfctt, ->^f ifl?OiiW4h->a, 2 oJ«±©/W 7cDff «tM*rJS £ 
Tc-dX * *y If y y T* # 3 „ 
[ 0 0 3 6 ] 10 

* ^ K £ «t ft a\ # M ?ij ^ -r 7° © ^ * ;b p°p K © iJ S * § g £ f S & S s o M ^ W 
ft -> X r A £ W L T , ft *;Vfif ©Ig^SittSCt/Wn >y h h — >*ffl^SC 
ttfftSo ^ * * ;l/ p n p M CD ifJ ffi f± , M ^ *f T P it ( S I R ) M 7 x - S? y ? # 14 * 

is z. t & v # s o d cd n ss ff? gg 7- a , # m m > w 7 a , ?ngft/wo7 hh-^*^?y 

o # / W 7 £ ffl ^ 5 ft S ; W p 7 h © ft JS * , ttT?iBBt«J:5li:ffl^6nsifSf 

tits^tgit-t?, m * w ft - m m & m t* a , # » § f§ « a , 

?p|$t£t2. ^ * * ;b ff a K cd if j£ m £ a -3' ^ T , cosiiii^li:, 

* ^ -r 7 cd f- * * )]/ §h k fs s fit ii - *s £ a ±fi s ^ n & t % „ /w^tffl^enftiis 

WtcjSUT, f-^ *;l/ftS{i<DMcD«jj5ca, Sft^ft/W^t Tia« c fcffft 20 

§ 0 

[ 0 0 3 7 ] 

« » CD M ?(J ; W 7 co ffi S L fc f- + * ;!/ ft % fit a , /WyHRfflI*8att«. d CD ft 

& a , a is s m m m t m % t & m s ft a t / w 7 co i s? * m n t* t § ± 9 t -r s 0 

[ 0 0 3 8 ] 

^ -fe ^ P< y h ^ 2 O JH ± CD / W 7 £ t) fc -p T ft 9J * ft fc t> © t? $> S ^ * S t? § S 0 d CD 

iiSilii, h 7 7 -r <y ^ -t 7"^ y h cd c cd m iR * f- * ;i/ n ° n R ffl m fit i: - It t 
llM'N^to c c r* , f- + * ;b p°p K » S fit a , -fe ^ ^ y h ^ ^ Si * ft fc « js cd / w 7 cd 

^;l/p n n KffiSfi£a^'^TmfiSc^ftSo 30 
[ 0 0 3 9 ] 

^ft^* i: iltlll fe , h 7 7 7 7 r-^&tffj DStft * ;!/ K to ^ T « a cd 
ffl m ^ ■¥ * )]/ * ffl ^ S C t W Tf # S 0 « 77 W P R t>' / * fc {± ^ CD ffi CD M ffll ft 16 « £ ji f § 
cd £ $| ® f- * ;l/ * ffl ^ s c i: ^ t» t S o Bff t **SI?; l ofl/W^tS^t^ii 
Kttfft, «t D - IS £ tt - 2 0fi(l(D/W^li:&n?t«, 
[ 0 0 4 0 ] 

8 1 t/Ktlf tt, / W 7 B 1 0 8, C 1 1 OStfDl 1 2tt#^ SSTSX^^ h 
;l/ fl? « ^3 CD * M Z B m * ft T ^ S ^ , /W 7 A 1 0 6(i2^C#ii©f «1 0 6 AS 
tfl0 6Bfr5jgj£2ftT^3o ^<^W7*jf-3fcl^Itfe5|gtt, S ft ^ ^ 

7 ^ , H ft -p /c a - - fifg * £ ft L T H ft fc ^ ^ p n n m * m o rT 14 ^ a ^ J; d £ 40 
2 o CD fij ffl rT ft a ±fi iS }g ff 7 y X * # / W 7 T? grj ^ £ ffl ^8 ii d il £ S 0 H 1 

£ a , > \4 7 r b j 10 8, r c j 1 1 osff tdj i i 2B, ftl;i/ n n B l7^-F^ 
y^CMaftfcJt^TJtRWfc^DfcgfkL, f p ^ ^ ^- ;l/ p n p K * a ±4 S "Z? 5S H £ 

Hf - -\ CD ^ fS £ S L T II j! ft * ft T ^ § o C CD y ^ U ^ T? f± , ^D^^StDfSgWft^- 
A 7 * - 5 y 9 <D K W a , ?;Ffa-f-^^'^'7f^4*^aW7^'7 a -'jy^ 

a s 2 ft , s m cd m ffl s o # -r s c t £ «t d * 0^ id » £ la * a ft 5 ft s * h # ft 

ffimKSI 0 9 / 6 9 1 , 7 6 6 ^Kfffl«£fE3zR ^ft/c j; 9 ft fn aw ft A 7 * - 5 y ? 
a , ® m a - +f - & , ¥ » W £ , 3;ftl«^< DtlfttSf t^/^lit5-7t'J4- 
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© /W 7° & D fe * 5 S ^ rT &g 14 *< S 46 T a ^ J; 5 , !l tgc ?nftf f *;Hft*M 

i/r fiJff t AD^ T If- A 7 * - 5 y ?m%*> -*S£ > 2 o © m it 7 y r / t J; D Si « * 

ft fij M t£ ft )i fB ^ - x ^ M £ ft K ^ # S 0 II * -d Tc M m m , ^ 17 (SfcB 10 

, M©) ;W 7M-£ffl^S-fe;I/SIBfi7?H:, a-if-fliSStt, flolilti: 

6 ^ f- * ;V t , TPt-3SM££^T££D&<ft^7^*;I/££Wf~3>'W7°£S 

* TO ID « © S D © m 'A t* & , r b j i o 8 , rcj 1 1 o stf td j 1 1 2 t ft ? it t ^ 
^7°^, ritw&H-A7*-5>^/W7"j tmh, ens a, «dsix-S©mw 

SE'-i,7*-5^'Si^ffl^SCti'ttStfiSt5„ i!©i»Dgl*S©MWft 
e-i7*-5yWtt, £©Kffi©-)t£ffc©#^;&^&, #irSclfctJ;D*ii 
»Mi&Afte>ft3*B#Mffil§ligO 9/6 9 1 , 7 6 6#U3Hll»K:K&3ftT^So 
[ 0 0 4 1 ] 

20<DSi7^ft*ffifflt5-ISffl^T, «Dg|X-S©MWfttr-A7*-5y 20 

&\c&ws&mmic&*)Wtfr%t.znrc?-->r zfr&it**???? 4 o o?*« 0 ^774 0 

Oli, SflLftS NR*gt«i 4 0 2 Hf^#rt©BfP^^a-T«W 404il, 1 O © 
fltWS^-A^ffl^fcff itiDli^tlfcS N R(0 7°n7 h 4 0 6^#t? 0 05 

a , liiiic, ffi is t f ft # s 2 o © a « ft e - a £ s ^ k m a t ^ ft s fs f§ t «t d 
i&i^nfcf t*;Hfk^^t^77 5 o of$? 0 B5-ea, usa, fit is & s ^ 

tfn/c20©fiIWSH'-A^, Sft^ft/W^tSitS, 7*77 5 0 0!i, SfSL 
fcSNR?itl« 5 0 2 / ^BftftC^B*it»| 5 0 4 i:, If — A 1 t jifLTS 
ii^SiLfcS NR©7°n7 h 5 0 6 / lf-A 2 t^LTf fitf liLf: S N R O 

7 n y h 5 0 8 t * is ts o 2A,4#g«D/W^?teili:«tSfttSft* 30 
)V ft M % a ft? L , -It, 8 4SO*8 5f^fj;9t, JJCIOO/W^ ( & tf ft JS © 

- A ) ffi ^ f- -V * ;1/ fir K * S T S *§ n , f iiii^Wy (fttfi1B©H'-A) © 5 15 © 
1 -TJ © a ^ / * ;l/ fit Sf * 1% » m S o 2ooe-A©fffl(i, f t^^p^l^a^iPl?: 

^ o s m $ v © ^ ^5 sf rs * fj * w ic m 'p ? ^ s c t # t* t , sn^ft^ ;v a it t js c 
Tk'-AoFrifiUf tst^ut^ggi.;'/)*?. s ft ft a , Ln^f-io^f 

Itil^-i^II^L, IKLftH-AJ:IIt5;U7 ( & H jg © / * * ;1/ n n n K ) 

zmmm^mft'Tzrctb, m it m & h ? y * v z * m m © f- * * * a m © / w 7 •*? s ft s 

[ 0 0 4 2 ] 

*^^£fi|JLT, SifiMSff SIti, StW4k*-i^4)iEtSiWt;U7 Tbj l 0 40 
8, TCJ llO&tfTDj 1 1 2(t)#«li:2007yft^(i^?{:SS1"5. IIS 
(SS^ML, 2^©)Mff7yr/^e»c©|ftSfS1S^©Bf^/-¥^;l/jS« : ^, h a ( 

t ) r zs h p ( t ) tfnfnit. iKna*na«fra7'c«> % t/^^/yrtA/s 

T-£T?*8ifi£t8o L^L, C©ig5gtt, *5§fW-&?7iLTfI*l3f\ $ /c t± ?&J Si L 
ft ^ o { a , ( t ) , a 2 ( t ) , a 3 ( t ) } R XS { p i ( t ) , 0 2 ( t ) , /3 3 ( 
t) ) /U7* TBJ 108, TCJ 1 1 OStf TDJ 1 1 2 O^nfnti 1 Stf I 

2©7yf t±©i^^Iits©tffl^sil«i:tSo Mt:Wfte-A7*-5y 

/ / W 7° £ *3 7c T ^ fS 2 ft 3 ^ # t>\ 
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S(t)={S B (t),SMS D (t)l 



5» W = {^(OS, (0,a 2 (05 c (f),a 3 «S c (f)} 



[ 0 0 4 3 ] 

R b ( t ) = S B (t) [ h „ ( t ) a , ( t ) + h fl ( t ) p , ( t ) ] 

R c ( t ) = S c (t) [ h „ ( t ) a 2 ( t ) + h „ ( t ) p 2 ( t ) ] 

R d (t)=S D (t) [ h 0 ( t ) a 3 ( t ) + h fl ( t ) 0 3 ( t ) ] 

[ 0 0 4 4 ] 

l^t, * ft m & > 2OOgi7yft&tfI»<0lJlJ/Wy*ffl^Si'XfitIffl 

t ) h „ ( t ) + p k (t) hj (t) iat)as«t4^5h^, 

[ 0 0 4 5 ] 

m m m -e © $ » u k c t ) } , { /s k c t ) \ <d m <d m m ft m m © ±i # * '> ft < ^ t 

l-3ClIWft^-A7*-5y^/Hyii, g'J © / W 7° © # fiic ^ * * ;!/ j£ «F «fc 9 fe M ^ 
* ;l/ ft K * *f f 3 njf&ft^ftt^o ft ft I a k (t), £ k ( t ) I fllltt, 

ft D StttA^S. -HSKJBt8T?li, la k ( t ) } agittg^n, {/3 k (t)} 
t± , ffitg*^rai:«iciii<E-rs-^ig*i©«^»T*fes<fc-5ic|gs*ns 0 -r ft fc , 

a k ( t ) = 1 

0 k (t)=exp(j2/rf rot t+v k ) 

D , C C t? , fit IS "f tl { v k } a [ 0 , 2 jt ] fl?-a£^ff«o HflWtii, ffi 
Mft^-i7*-;y^ffl^5/Uy^#ftf?(Df, v ! = 0 , ¥2=2 71/3, 
v 3 = 4 /r / 3 t L T ffi IS ? tl * M fR T? * S „ C © # © H Jfi Jfc j& fi , #^tf|ilf r 

0 t ■? © ?e f « 3 -o (D m a w ft e - a * t /c e> -r „ - « t , cti^etif na, iiLt 

[ 0 0 4 6 ] 

<t d - is W ft ±1 ^ -z? a , /3 k ^jfrjSft©Mftii-rsiiiife^,#t, is k ( t , f ) 

= exp (j 2 ;r f r 0 t t+j 2 tt A f + v k ) t*SD, CCT?, A(i, 1SC7>T 
tCf^l^t? 10©7^ft0if0lil*gt, C © - M it » x 7° B 1 0 8 , 

C 1 1 0 2fc tf D 1 1 2?7yftC-Sfr6SiSnftff*'|il<:, i7:©77rt±t 

^;i/<oMIiIW7x-7*y^* fefefito f^lintt\ /W7b i o 8 % c 1 1 or 
is d i i 2 © is h 1 1> rc % w m © & s # a , 2 o © « # ^ 5 © te m » =f p * s f§ «t -e w 

L< C©^«©*©fi&©^^f±, liWTS'Sf tSCfciji-pfSo ^ © £§ S £ L T , 2 
o © 7 y r 7- s © ft # & m m « £ » fc S # « ^Mc # s n S / W 7° f± , i^tfiiW £ 
atj^f Offl©;U7°J; D feSff 6ft**Sf^ttS„ c ©f □ "Plf O/H 7°^I 
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[ 0 0 4 7 ] 

y^Ift f t«„ ilOilfc^, ( a k , 0 k ) CD ^ 2 * ( 1 , 0 ) $ ( 0 , 1 ) ft 

i£fc f 3 «fc 5 fcl8S-r § c 4: «fc 5 S c /yftOH^S^-^lc 

% * ^ )VS,M^m^m 5 , ffi^T, If ft/H7°*IKl, d © 51 K * S ±4 S "\ 

[ 0 0 4 8 ] 

«'3lii©IgW&li , -A7*-5y^©#a$©It(i, ?S fS S ^ , S & o / W 10 

si/, ii # © > w 7° c (D > w 7° © ij s is * i: * m mm *\ m □ ? % t ^ 5 c t -z? $> s 0 s 

-5^?fr5fc[j&*f#S;te«>, Sfllfi, h „ ( t ) & tf h „ ( t ) ?iat|gfS*5 
S 3^ ft < , CO/W^lciStS^ttOS N R * M £ f S /£ It Tf M 5 S o 
[ 0 0 4 9 ] 

/W7B 1 0 8, C 1 1 OftffD 1 1 2 OlRtt, }M mWt "Z? i§ M "Z? # 3 f- -V * ;!/ S Jt * 

a - +f - » , ±abfe«ID»AS!0fi!aWfttr-A7*-5y^*S^6jpJjS*#SCi: 20 
T? £ & ^ o c o iJE T? , IScSiLf^i-^y^iSgtbfe^TT^ftt^ct 
«fc D £V ^ - r -f ? 'J f# * M * -T S <fc 5 £ ft ffl T S - 7 r -f K « ^ ® L T ^ S „ 

[ 0 0 5 0 ] 

a-f-©L0l«^fffflt§i?tli©/W7"A l 0 6*S5i{kT?#ao # IS £ 
fl^Tlf ^^M-">f^Si^^i?t§Ot/W7A 1 0 6T?ffl^SCi:tfT?#S 1 
0©^rSH?SF#{±, XX. X A . 77t7f -{ (S. M. Al amout i) W ^MUW 
fSffl^-}MfiScD^t'^-7 7 = -^X^-Aj (A simple transmitte 
r diversity scheme for wireless communic 30 
at ions) 7^Y-^-^--7t-t;^^>' •irU^f 7 F 'Xy/X-^y • 
35a-'!r-i'ay (IEEE Journal on Selected Areas 

in Communication), 1 998^10^, ll 6|, p. 14 5 1- 

i 4 5 stiHi^nT^g/^t^f z<D&ffir*i±, 2 KDmmr y T i~ 

tfHTOi^tffll^ht^S, E A J 1 0 6 {:{tbf^U7"tf 2 00gf7>f f 
tStfigt?. /W^£t3ft^Tei*n«if*S (t) ?3?ti:t8. t 
f± fit ft ft « ^ 7? 3 i: (M £ f 3 o 77t7f^^Stti, 2 o © 3 ^ ft ft 7 7 # ;l/ M Wf 
2h, 2OC«H£2O07yft*ffi^Tgi«n* o X, (t) & x 2 (t) tf* 
ft ft , 2"D<D7y i ri-frZ><Dliitim%%&? C ft «fc !K 

[ 0 0 5 1 ] 

2^©77r7-*^HftSfSS^(D^^7 L -v^;l/jS^^^n^n, h, (t) &tfh 2 
( t ) ( ffif # it <D Tc it , 777 hf 7 1 •¥ * ;1/ 

^UttllFts-iWSi^^feglKt^tUfc^-e^s) o nc->>t;;we 50 



+ 5*(f) 
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Y ( t ) = h i X , (t)+h 2 X 2 (t)+W(t) 

Y (t + 1) = h i Xj (t + l)+h 2 X 2 (t + l)+W(t + l) 

la^itct^ft, cocts, mm*§ s ( t ) <d m s 







F(f+1)_ 









"A, fc 2 


" S(0 " 


+ 


' WW 


7*( f +i)_ 










_w'(t+i)_ 



[ 0 0 5 2 ] 



[ 0 0 5 3 ] 

ffli^nftgi^^^-i/r/gfftftiitT, M M ft ^ ^ - i/ r ^ » , 
x - 7 9 £ ft K f S © £ S i o C i: 7 * S 0 d © fc * , r A j 1 0 6 ii it 2 ft > W 
7° a , ft , Mjj[8[?»12nT^8 200ai^l 0 6 A , 1 0 6B£-O^Tf!S2ft 
T ^ 3 <fc 5 £ ffi B {\f W" ft T ^ 3 0 S fB * ft 3 7 - 2 H , / W 7 r A J 1 0 6 % M fiic 7 S 
2-3©§P^ v l 0 6 A, 1 0 6 B £ O ^ T ^ *t £ ft 2 ft 3 o ffll^n/c/^t^r-f S 

*ft/c 2 OCD/W 7gp^(c-Q^Tfg : ^fb?ft/c7-^ t «ffl7Si§^, 

» Tf # S o 
[ 0 0 5 4 ] 

#SM7^r^5b^0f-^*;l/JS^r*SP»SflaT?JIIS , rS7'c«> % / W 7 r A j 106 

* ft S , flSSttS207>ft*>6gt2n«. 
[ 0 0 5 5 ] 

l!K^a±{fiiS^|gfj L5MTo fflfcfcf, a-tf-tf, S £$S7ft«7 US 

fSftt"-A7*-;y^7W7B 1 0 8, C 1 1 OSfcttD 1 1 2©ft#©fc©£r)l|RL 
, S? S L ^ / W 7° £ IS L T S fB 2 ft ft £ If © S N R * $ 7 # 3 „ a - if - ffi H ft '[4 © 
M £ 15 D , ii7i-i>7^*Ilttilf, 77t^f^l^ffl^§/7-/A106 
©SK^s /W7A 1 0 6©f t ^^p n n Ii:-II<:IiMta5t5„ 
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7ii, IUnfe/W7"tbfc9Th77^7^^^F*L©a-f-'\fj^t« 
c t * m ft t* # , c © *§ £ , IJ^tf t^;V^Mta-f-tS§t?o 

[ 0 0 5 6 ] 

D ittf, M ft ■=> ft / W 7° <D £ jjSc i: , cti^H7flf©, Siili^^^ 

[ 0 0 5 7 ] 

[ 0 0 5 8 ] 

at$5 0 hi ltii, m s © / w 7° t m ^ s n & & « * b# ng ^ t 1 » w t ^ h ■? # s 
cDfficDUffl^si^^-ro hi mm 1 1 o 2 ±©jum*jm 1 1 0 4 ±©n? ^©h 
ffii 1 0 0 "efes 0 ftjfflRTf£&^#et±, MWsassfSA 1 1 oe, b 1 1 08, 
c 1 1 1 0 , d 1 1 1 2 , e 1 1 1 4 1 m m 2 n t ^ 5 0 b# ng is « a , st # ^ f ft t> 
■5 , m m & ( 1 ) 1 1 1 e r zs m m & c 2 ) 1 1 1 8ti^u?nt^§o m m # c 1 ) 

1 1 1 6©@, HSif g A 1 1 06, E 1 1 1 4©^t±,S#»tt©:i--9 s -ffl©^^ 
71 1 2 O^gl, * O — ^ t? , ISSffSB 1108, CI 110, D1112©#^ 
Bf«H4oa-f-ffl©;W7° 112 2 Hf ( 2 ) 1 1 1 8 OB, HMM 

SA1 1 06, Dl 1 1 2, E 1 1 1 4<D&^{iftMft<Da-^-ffl©/W7°l 1 20 
^IL, * <E> - # T? , SSSfSB 1 1 08, C 1 1 1 0©#^&Mfttt©n-+f-ffl 

o/W7i i 2 2?it, coiiffl[^!n?{4, a*^t±Kfl5€)a^*^ffiWtsfl-e#s 

ffl^SBUO-ISSSJBtlfc* < «fc 5 > BiStfBi l t^t 2o©lIil^i^tt? 

[ 0 0 5 9 ] 

3'J © - IS ft 73 3 7' tt , 3fS0a-Hf-tffl^S/W^0SilS*S«!ST?feff5ci:^T? 

o^T©ff#*IH£-rS7£W-T?«fc<, i-f-tIlt«jgt§/U7^aST§Li:ti 
IttI*j|?*S. a - Hf - S * tt , ffSLlvU7fflt7*7h, *D*£lI©f 

;v^i8©?g^-e*^iiist^§T»ts„ c <D m m m m <d i o © #j js a , a * js ^ , ^ -r n 

H«$5„ K & tt , «fc 9 ^ < © 'ft M 7 ^ - F;^7 * T S C ii * ftg il T S tf fe L ft 
[ 0 0 6 0 ] 

-MIC, 185S!*tt, ^;l/«H&tf#tt^7 ^ - ?t«0£S$?Sftii 

sffis^ffl^5iit* s T*t5„ -iififii, #s*a, t -3ft # -3 /cBt , m 

©IKtiDiT, S * f± , ( S N R © «t 5 ft ) /W7°©f t*;W n nfigIfeIttM^S 
gt5. f t*^fI^Sfrt-§MIia, »£LwW7£M?-3HMi:ilft-3T 
«fe < , S?£L<a, en £ D fe aiST'feSo ^^ic, f-^*;l/«HfiD^S©^Sf±Sf* 

[ 0 0 6 1 ] 

■e s id f s if ^ , a ±fi a t? © i5c © ^ ft 7 y x 7" t ffl * ^ r m i Mof t*;^nt5 
ffiHtfeSo cn^SItf, )SfS&t;SfS7 yxT 1 -©^^ M5i-r s *;l/JS«F^SSc© 
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# it ft fij f# * s * ps t -r s s m ft * m m x # s 0 /uy^^s^t/u/HcitLt, 
h ^ 7* - * }a a © ft t> <o tc ? * - i/ r * #t j?sc -r s © t @ * a * ffl ^ s sf s m ft ^ ic m 
oioo/U^^fffl^t^o t ^ 3 a, , iift^^ff^Sfesfenif, m i moii 

[ 0 0 6 2 ] 

M^T»ffl^fe-ji©3iMefl5*ffl^TC(iDK»i«T?*^TO*iiwrso * ?e $ t± , d © 10 
m m m v m a * n s * 5 * & a l & > w 7 ic m ^ s c t # t? # s gu © « ®sc 7 y r 7- ?s f§ & 

[ 0 0 6 3 ] 

iwi - ^ & s 1 @ & a £ o * £g m w * t £ -r <, ss^iiit 11 2tgt^t, 
n * -3 f C ^ -r 7° t o ^ r m ft « * gu % ic -r s d t # t* # 3 o c © iis 1 1 h > *fr<DMn 

2 0 0 4:, lttM2tS6f?^77 1 2 5 0 «^t„ ^77 1 2 0 0 B, M S 20 

tlil 2 0 2 111 1 OSflt^] U^/^Stti 1 2 0 4 t^gfo 7"n y V 1 
2 0 6 B, /W^AtSt*I*I 1 CSfllA4SL, 7 n y ? 1 2 0 8 fct , /U7"B 
K*ftSiiilOSitA%aL, 707)12 1011, /U7CtMt^IIMl© 
S « * # * ^ f o ^77 1 2 5 0li, MSS*atKll 2 5Zt, S ±fi ^ 2 © St {§ « 77. 
^^/^gtfill 2 5 4 ^^ito 70 7) 1 2 5 6 & , /W7A tStSHI 2 © 
s£ {§ * 77 £ SI L , 70yM 2 5 8tt, /W7°B(C*ftSlil2 0lit*^SL, 7 
1 2 6 0tt, /U^CtStSItlZClftASSt. A/U7t|Lt> 7 
1 2 0 6t±K*7jU^/l/£-gT^ 7D7 7 1 2 5 6 {±ifBt* B 

;U7t|LT, 7o-y) l 2 0 8 litprsnt) 7D7? l 2 5 8!iffii 

*l/^;^gto /H7ct|Lt, 7D7) l 2 l Otiffif^U^i^it^, 7D7 30 
9 1 2 6 0 tt ffi * if b ^ ;l/ * a f „ l^t, M ilg fift * , §/W7T'^^tt;VOi^t 

ft-f Lfc»WT?»S fcttlSSft^o HJ;W7"(!)#^SLTlit41IIA^i 

h 7 7 v * -t ? * y h # % ft © / w 7 t *3 /t -d x m m 2 ft § ±i t « tj © fj 
f^w^irt^t, a ±-fi ji a , « * / w 7 t t> k -d x m % t ?j 5 3 r s c t ^ -e # 

[ 0 0 6 4 ] 

8 1 3 1(1(1, * t ffi 1 X m M S ft rc |?[J ^ W % a fS >> X r A 1 0 * ^ f o -77fii 
Ota, if/ - FMN 1 (1 4) ~MNN (16) £LT^-TM©llM*tt, ffl fS 

m ^ i 3, i 5 © fg ffl t j; d mmm 1 2t5ifs-r«o s^^/ciiija-^ 

- *f J£ T? # , S^t, HftS**5?^, a-nf-fiS*i:fS;-rSo « ^ l 3, 1 5 * , M 
x if , 0FDM|^tt5i:tiii , ?S«. 10K±©/U7$ffl^TMNtIttll 2 t 
Clflf 1 3, 1 5 ZtmmX # 5 o IttMl 2StfflIl 4, 1 5t±#^, 
^rS^^ffit-So ffi^T, 1 3, 1 5 a, ±3£L an d 

ft fS ^ fi , *5gfKic|£-3T^f§2ft3o 
[ 0 0 6 5 ] 

Hi 4ta, *fS|£ffi5TH»«nft«^»47^tX;P-^ litt", III 1 2 
*gt. 1111 2B, Tyftl 4 0 3, 1 405, 1 407&tfSfSS)MfSS©Kl 
402, 1 4 0 4 ^^CJ„ ISO, lilf, 2 "3K±Olf7 >f f 1 4 0 5, 1 407 
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t§Otffll^tl5o SfSSHKl 4 0 2 tt«^§§ 1 433*tS, fO-^T, SfH «t 
1 404t±ffF^f#gl 4 3 5 ?:tJS» © g§ 1 402, 1 4 0 4 li, /U 1 4 3 0 (C i •) 
I/O^y^f — 7 x — XI 4 0 8 , /nt7t (litt CPU) 1 4 0 6 Stf^iJ 1 

4 i otg^^nti^o i/oo^-7i-xi 4 0 8 a , in i 2^^y^-^- 

-y h RZS t <D $L<D y h 7-^7 - Kt|p-nt5„ 1 4 1 Ott> 7° n -fe y 1 4 0 

6 ic £ ^ mnz n% t , ifmn^w-^xmmm 1 2^ftft2-£5;i/-^y«c?o ^ty 

Ji , MSI 2*i6I»tT?Si?S4Iiiff*llffL, S$?S4Iiynhn;I/§i 

8t«ctffli^nsit;i/-f 4 2 3 * # £y o * u i 4 i oti, MX. is, mmm 

$ ft tt 7 * -fe X ;l/ - if , ft ft & fi # g ft * H b S # f , ±aift*^|SO^aoXf 
y^*HSt«ftfttIttIl 2*ffl8tSJ;9li:ffli^n3Iilfflffli;V-f y l 4 2 

5 * fc # <fr o S ±fi Jf ffffJ SP )]/ - 7 1 y 1 4 2 5 ii, M f§ X ^ a - U y 9 R & / S ft f± ffl fH « 
rJg © fj D S T * ffl @I T S © ffl ^ 5 ft § X S? a - U y ^ * S? a - )]/ 1 4 2 6 * fs tS „ * 

S3"s&ns£M-e, Si x^-y^- u yya, 1 okicii 7 - f £ Sff * ft fti 

4 ^ ft / H 7° O f t * il/ # 14 t I f g f « 1 1 - j' < , ffi^T, t-7 a -/H 4 2 6ti7^r 
S?a-7tLTffM?tS. ^t'J 1 4 1 Ott, ffl ffi ;!/ - f- y 1 4 2 3 &tlMI)^f7 
1 4 2 5fc«fc!3ffl^?.ftSfif?B£fc^t? 0 d © ft ?B 1 4 1 2 1i, a - +f - fc J; D ft fe ft T 
l^lff^t773 y * U X h b , tr>a y^f^ftfeta-f-tj; D ffl ^ 6 ft T 

^ssn&jg (mt) ^agij-rsifffi^^cfift^ttJo^ftsa-Hf-i 4 1 3, 1 4 1 3' 

[ 0 0 6 6 ] 

ai 5ta, MTOt^riiffiSftftM^Wft^fty-Fi 4 * * t 0 117-Fi 

4 £ £ » fi&} * (MT) tLTffl^Satft^^o W7-F1 4 » , SM&tfSM 

in k i 5 o 2, i 5 o 4t?n ; fns^2nftSiiS(iiii7yfti 5 0 3, 1 5 

05, 1 5 0 7 ?#&o II©Sil7yf t 1 5 0 5, 1 5 0 7 li , t*-i7l-S7 

^*jsb, n ft o ft # it t* > w 7° * b s -\ « a m m t % <d \c ffl ^ 6 ft 5 o s fi s m m 1 

5 0 2 f± SI # Si 1 5 3 3 ^t», * © ^ 73 t? > S f§ HI g§ 1 5 0 4 « f?F ^§ 1 5 3 5^r# 
C?o S f§ « f§ « 0 1 502, 1 5 0 4 fct , /Ul 5 0 9 ic j; ^ t )J 1 5 1 0 US 
Jtltl 1 ?, 7 n -fe 1 5 0 6 li, ^ty 1 5 1 0 £ IE H * ft ft 1 o « ± © ;!/ - f- y © 
MIT, ±abfeJ:5ft*«KO^ffifi:fle^TSHi/-K*»ff**So |£ ft 7 - F © ft 
ft * f#J ffli f s ft *6 > ^'Jti, y l 5 2 3SO'il/ - FUS;i/-f y 1 5 2 
5 £ # <& o H ft 7 - F fffiJ fP ;l/ - y 1 5 2 5tt, Hfty-FMfiTOMffit^Tftft 
L , H ft 7 - F O ft ft M b T ± m L tc X 7 <y 7 ^ H ft T 5 d ^ ^ f* fi f § * fi * H 9 0 

y^&y 1 5 1 0 a , *Km<Dj3&*nm-rzrctb\c7 ^lt, iflttu- 

■9* - / S « / -fe -y y 3 y / * ii fit m 1 5 1 2 , Stf/Sfta, ^^^^nsfifsctffl^ 

[ 0 0 6 7 ] 

hi 6ti, * 5g to t ffi -3 r m n ? ft ft m ^ « ft us m m m y x f a 1 6 0 ocisragtg 
So M^wsisn-yxf a 1 6 0 oti, (bs) , tab?, atfis ( 

1) 1 602, 8±{!3 fa (M) 1 6 1 4?^&„ t;KD 1 6 0 4tt, Hi (1) 16 
0 2 1:^^518^-1:7x^71:^50 BS (1) 1 6 0 2 It , -fe ;1/ ( 1 ) 1 604^1 
tffiit 5«a©te|SS* (WT) , Tfcfc"^ WT (1) 1 606, WT (N) 160 
8i;afS-r5 0 WT (1) 1 606, WT (N) 1 6 0 8 lif tlf tl, Il'jy7l 6 1 
0, 1612^/TLTBS (1) 1 6 0 2 ^ * ft 5 0 M M K. s -fe ;1/ ( M ) 1 6 1 6 It 

, mmm (m) 1 6 1 4 1 m t % MB. -9- - e x x u 7 ■*? s s 0 b s cm) 1 6 1 4 a % -tr 
;i/ cm) 1 6 1 6fttcffi«-raa»0fttiisfliis* (wd % -rft^is, wt c 1 * ) 1 6 1 

8, WT ( N ' ) 1 6 2 0 J:Iit5 0 WT ( 1 ' ) 1618, WT ( N ' ) 1 6 2 0 li 

fll?tl, IS'jyi' 1 6 2 2, 1 6 2 4 ?ffttB S (M) 1614 tg^?n5„ W 

T ( 1 6 0 6, 1 608, 1 6 1 8, 1 6 2 0 )^, flStf/S /cliggiSIISI 

tt5Ct*^t5o m Hft7- F (MN) fcl1-5flWT 77tA l 6 0 0 
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0 IS $ 1 634 a, -fe ;V (1) 1 6 0 4 i: -fe 71/ (M) 1 6 1 6 fcoB©SSU8n?»So 
[ 0 0 6 8 ] 

*7F7-^/-Fl 6 2 6 ii, *7 1- 7~^'J > M 6 2 8 , 1 6 3 0 **h?n^ 
LTBS (1) 1 6 0 2 S(f'BS (M) 1 6 1 4 t fi^ 2 n § „ * 7 h 7 - ^ 7 - F 1 6 
2 6 ft , * ? h 7 - ^ y y ^ 1 6 3 2*^bT3UO*'y F7-^/-F/^y^-^7 h 

fc IS fn * n 3 o 7- -y h 7 - 7 U 7 7 1 6 2 8 , 1 6 3 0, 1 6 3 2 ^, ^77 
-OSy^fcTSCfctfTJSfSo ^7F7-^/-Fl 6 2 6 , M A ft\ /I/ - 7 7 - F ft 
, WT, litf, W T ( l ) i 6 o 6 tMLT, il ft . {4 « S> ti ft -fe ;l/ , liif, -tr 

;i/ ( i ) i 6 o 4 © ft fj t (4 b f % m <d y - f\ Mxtf, gtj © a ±4 a , aaa+j--^-/ 10 

- F, * - A X - S? x y F 7 - F\ ffl ft k° 7 , MttfWT ( N * ) 1 6 2 0&H'\©M 
[ 0 0 6 9 ] 

Hi 7tli, *M£K^Tf|ffi2nfcM^W&SMl 7 0 0 £ ^ T o 

1700 II 6CBS, T & fc "5 , BS (1) 1602, BS (M) 16 14© ^ f 
tl^^ffltlfc t^tt^o B S 1 7 0 0ft, /Ul 7 1 4^^LTlS?nft§fl 

1 1 7 0 2 , Sill 7 0 4 , 7°nt7^, iitf, CPU1 706, 1/0777-7 
x — X 1 708, I/OSil 7 1 OStf^t'J 1 7 1 2 * ^ & 0 /U 1 7 1 4 ± 7? ft , 
?$?SSl?^f-^R(fiS^5«T^5o An * T , 111 1 7 0 0 ft , § {§ « 1 7 

0 2ICg^Jtlf:f|17yrf (1) 1 7 1 5 ^ fa fro ^ < Ofr©f|MIK MA ft", 20 
M I MOf|MIIl?ft, Itll 7 0 0ft, Sflll 7 0 2IC^2tlftI4§ (M© 

) g {§ f§ 7 7 7 7 , "T & ^5 , SiiTyf t (n) 1 7 1 7 * ^ £y o g3£^tJ:H 
111 1 7 0 0ft, A 1 7 0 4 £IB^2nft*»OSfl7yft (T^rf (1) 

1 7 1 8, 7yrt (n) 1 722) * # fr 0 IfliTyf t 1 7 1 8, 1 722 ft, 
If IS * , M x. ft' , ?7y'jyn77^7?ft * ;!/ IS IB , §/W7"ofiiLfc;Wn v 
H^, & tf / S ft , ffi <3 3 T 'IS IS * B S 1 7 0 0 5 W T 1 8 0 0 (Hi 8 # Hi ) *\ 

gitsotffl^sn, fc-Sf, (lie) f liryft 1715, 1 71 7ft, 
T~$tmnicmm*$>, m * ts , f- + * i«i7^ - f ^ 7 7 is is , / w 7° a k is is & 

tf / £ ft ft / W 7° $| ffll tS IS * fe W T 1 8 0 0fr5Sfl-rSCDfcffl^5ftS o 
[ 0 0 7 0 ] 30 

^t'J 1 7 1 2ft, ;l/-f7 1 7 2 4 & tf 7' - 7 / tf 16 1 7 2 6 £ tf 0 7° O -fe y +f 1 
7 0 6 ft ;l/ - 7 7 1 7 2 4 £ H ff b , ;* * U 1 7 1 2 £ f H tf, £ tl r - 7 / if IS 1 7 2 6 
* ffl ^ r , itti i 7 o oo^gpctff^MaL, *f§0/4©73ffi^Hffi-r§c I / Off 

1 7 1 0 , lilf, g S « , 7 U 7 7 , ^ - - F & H ft , 7 7 f A tf IS * M Mm © *§ 
ISI'xg^L, SJiStf/SftafiX*4fig|!!i'5SitS. 1/0777-7 
x - X 1 7 0 8 ft S±fi)i 1 7 0 0 ^ 3 7 t7 - ^ ^ 7 h 7 - 7 , g'J <D % V h 7 — 7 7 — F 
, JS'J ©an 1 7 0 0 S(l/i;/-c(iO?-?7 F'xgptS, ffi^T, I / O 7 7 7 - 
7 x - X 1 7 0 8 5/TLT, S ±ft M 1 7 0 Oft, BfSfcJSUTWT 1 7 0 0 *\ <D fM # © 

m * mm it? % c t ft t ^ 5 a, . re ^ tf is & tf ^ © m © / - 7 « si 7 § c t: t # § 0 

It, I/0777-7x-Xl 708 ft, WT 1 8 0 0 © :x — *f ~ ■tfMt&fsi 1 7 0 0 * 40 
/T L T 7 7 7 - 7- y h ± © tf IS * § ft & tf / $ ft S fl T? # § J; 5 id f % 7 7 7 - 7- y h 

^©ifjafgin^tT^o 
[ 0 0 7 1 ] 

SfSS 1 7 0 2 ft«^#§ 1 7 0 3 *^C? 0 SfSS 1 7 0 2ft, S 19 S 7 7 7 

71 7 1 5, 1 7 1 7^i>Ltf fLrci^^ffilt^Ota^^l 7 0 3*ffl^, SfS 

l re m ^ ^ ^ , ^ c £ # s n tc if is ^ § * ^ d m -r o m r> m * n /& tf is ft , M a ft 1 , r - 

7, #/U7©ft*/l/tl7^ - F'Vy 7WIS, /W 7°IK&ri/$ 7c(i/W 7°IJM 
ISft7°n^r-y7l 7 0 6-\fE)l^n, /Ul 7 1 4*/rLt«'J 1 7 1 2 ft tc |H \t Z tl 

% o 
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gin 7 0 4 a, mmm k /- z/mmit. mz. «\ ?fy'jyn77^^ft 
^. ;v t — ^ / it is © / n -y ? M^ft-r s i 7 o 5 ^^ts 0 mmm 1 7 0 4 II 

I07yft> x. tf , 7>rf 1 7 1 8 , 1 7 2 2£r^rLTfifM, lilf, r - ^ , 
fj r> Mj T If IS > & tf / S ft (± , *WT 1 8 0 O'Nlit^, M 

ill 7 0 4 li, If ^©fill/MM^/a-;!/, T&fr^ ffilB/StMMffli^e^a- 
71/ ( 1 ) 1 7 1 6 , (4 fg / S fi M 0 a — ;V ( n ) 1 7 2 o?^e 0 11 7t^tMf 

« , mnrcGLm/Mffifflffl^i? ( 1 7 1 6 , 1 7 2 0 ) ^fnfn, ifi/yf 

(1 7 1 8, 1 722) © # ^fc: M 31 f\f W" ft T ^ 3 0 BS 1 7 0 0 -(?O7yff 1 7 
1 8, 1 7 2 2 tt , / Vrtl 7 1 8, 1 7 2 2 5 © M^t S (3: ffi / L ft S S§ * ffl 3i 
L , ffi^T, f - * ;l/ © f§ # 5 & A L T a ffl f § «fc -5 K ?t # is < \c m fS 2 ft T ^ 3 
o 7yrf 1 7 1 8, 1 7 2 2 Pe5 CD ffi « . WT 1 8 0 0 O US E A' »3 , }Sfi H M , St 

* H ffi ft 7? H , 7>ff 1 7 1 8, 1 7 2 2 t± , ¥1S Ti If , Sfctt*n«±, # M * 
ft , C © if £ , Ilia, Ii?ft?i^©IlIM$If k tJ;!3^S?ft§o 
[ 0 0 7 3 ] 

MMM«^/i-/ 1 7 1 6, 1 7 2 0 Hm^WtmZtmft L, 70-ty*l 7 

0 6 ©MiT, }i f§ f < # ft ^ © ffi ffi & tf / $ ft a s n * $u ss -r s , m m / m m m m ^ / 

=l - ;]/ 1 7 1 6, 1 7 2 Ott, ® AM M / £ ft « fu M f t , WT 1 8 0 0 ^\ f§ £ ft S 
« 1£ © , M x t£ , 2O0ifC>ft<i:t lOtiALT, ChtiD, *»©7^ft 

1 7 1 8, 1 7 2 2fr51t¥Btfgfl3ft;teWT 1 8 0 OfciDSiShfe^iif fit, 
^HilfttSft*, lilf, j£ ti g ft * 4 U * 3 o illtya-ZH 7 1 6 , 1 7 2 0 
f± , 7° n -b y V 1 7 0 6 © ffflj ffll T , * 8 HO £ ft r> X , f ^ *^«ISff /S fclif t 

fftj fflJ ^ v> a - ;l/ 1 7 1 6 , 1 7 2 Oil, ff SOSIt i D ffifiSff/S ft HfilSSIt 

S 0 

[ 0 0 7 4 ] 

± 5$ L ft «fc 3 , 7° D -fe >y ^ 1 7 0 6 B, ^t'J 1 7 1 2 ft IH '» * ft ft ;!/ - f- > 1 7 

2 4 ©JtST, Mil 7 0 0(Dlff$ait§„ *-fyi 7 2 4 « , ffl f§ ;!/ - f- y 1 

7 2 8 m m ii m ®i ;i/ - / y 1 73o$t». liiMl/v-f yi 730a, }SfSx 

^i?i-7tfa-;H 7 3 2, hi^4^Sr>*Si€v f a-;H 7 3 4 , W T 

f^/WU^lR/f^/W'SIlSIit^a-lH 7 3 6, «!)iiSgtWH'- 
i7^5y^ty'a-;H 7 3 8, 7 ^ ^ 7 ^ §0 fP ^ / a - 71/ 1 7 4 0 , / 7° H 7J 
|J ») 3 1 1 a - ;H 7 4 2 & / W 7° m»J ffll g M =E i? a - ;1/ 1 7 4 4 £ # <& 0 
[ 0 0 7 5 ] 

r- ^ /If S 1 7 2 6li, t^yhf-? /IS 16 1 7 4 6 , lliS[©te|SS* (W T ) 
7* - ^ / If IS 1 7 4 8 Sff/W 7° ft IS 1 7 5 2 ^ ^ C? o W T x - * / If IS 1 7 4 8!±, W 
T 1 If IS 1 7 4 9 & tf W T N If IS 1 7 5 0 % fS Cf „ # W T If IS -fe y h , Miff, W T 1 If 
IS 1 7 4 9 1i, T-M 7 5 8, S * I D fit IS 1 7 6 0 , JS / (g ^ ft ft a - Hf - ^ M If IS 
1 7 6 2 , ;/7°IK/f t *;J/Mfif IS 1 7 6 4 , WT* 5 ©/W 7°M®Hf IS 1766 
, fj D 3 T 5 ft ft / W 7° m m 1 7 6 8 , ttft, fj D S T 5 ft ft -b ^ ^ y Mf IS 1 770 

[ 0 0 7 6 ] 

-b / ^ y V T - ^ / If IS 1 7 4 6IJ, 7* - ^ , fiJAB, B S 1 7 0 0 © -b ;!/ ft {c fi W T 

swt i 8 o c\^/yy h77^-y^t^/yhTSflt-sfS©a-f-f-? 

il , 7-y7°Uy7h^7^-y7-b/^yh^WT 1 8 0 0 A» -f-^r 
i; * # o T-M 7 5 8 S, WT 1 till" Sa-f-r-^, M x. IS , a fS h° 7 M x. 
SWTN'xSltSfSOWT 1 * S> © S fS ^ ft ft X - ^ il , WT l'xIITSfgOW 
T 1 © h° 7 , M x. ti , W T N £ © -r - ^ S fS S i: * # Cf 0 S * I D If IS 1 7 6 0 f± , W 
T 1 t/iLTlft©IlIt J; D f J D ST ft ft H »J £ ^ <£? <> ffi / ffi H ft 14 a - if - 
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If 16 1 7 6 2 a, iSfettfSilfta-f-t LTOWT 1 ©#g*-£ty 0 ^ < O ^ CD H 
ffijgl?tt, /W7\ fflxa, aM^^^;l/&tf/S^f±-tr^^ y h^fJTi*, a-+f 

Mlf IS 1 7 6 4 ti, WTCD MAS, (*»©) SHi f- * * ;l/ i: 

, *f JS © f- * * ;l/ S K If IS , ffl X. f£ , S N R , SIR, 7 x - y ? If IS * H * ^ T W 
T 7 -f - H ^ "7 7 IS @ 5 © If IS * £ <£? o WT*?)<D/W/II If IS 1 7 6 6 ti, W T © 
WfrlcM'3^TWtR^^7°%^mTZ>Zt%B S 1 7 0 OKfi^fSWT 1 8 0 0 ^ S CD 
fit !S«C?o fiJ D STSft/c/WyflS 1 7 6 8 li, BS1700 fflAfcf, ^7 >'J> 
n77^^£*fLTWT 1 8 0 0 tfj (3 S T 7°^«»©/W 7°^ 5 IgiJ 
TS1flS«??o fiJ D 3 T 5 ftfc/W 7ff|g 1 7 6 8li, /W7°©#|4, ffl A a, # M m 
, h-y, r-^3Sfi, M^S, M/^/ta, W T £ «fc D ftfc/W 7IJU If IS 

CD i6 £ II & jA s ft / w 7 (D m t> (D m W # tt & t> ^ ff o M *) 3 T £ ft -fe 7~ ^ y Mf 
IS 1 7 7 Oli, WTtfJDSTSflftty^h, ffl x a , fj D 3 T £ ft / W 7 © -fe ^ 

/ y h * ii m f z if is ^ a cy o ^<-ofr<Dnm& m t* a > 01 x a\ ^*ny>n77^ 

77f t*;HS£SLT, WTBWgO-fcy^^hSgjRL, d ft 6 -fe 9 * y Y * W T 
[ 0 0 7 7 ] 

/U71S 1 7 5 2 ti, MCW7°'flS, ffcfr-S, /W 7° 1 If IS 1 7 5 4 , /W7" 

n it is i 7 5 6 *-&?? 0 #>w fm v h , mas, /wt"i if is 1754a, sis 

»T If IS 1 7 7 2 , h — > If IS 1 7 7 4 , / W D y h If IS 1 7 7 6 R XS 7 y r ^ ft IS 1 7 7 
8£#t? 0 MMIflSa, (*»<£>) S«Kffir©«SK M/Sfca, ;W7"tM2 
tlftgl, OFDM, CDMA, f-A 7 * - 5 7 ^KI> 77t7f 

-fKWftHti5-rstsiB*-&£yo h — y 'if is i 7 7 4 a, / w 7 £ ii -r § fa 5 © h - y 
b° y ^ if is £ in x t , /Wt/£?jd 3T5nfcf«iStf/$fea h-y-ty 

# C? o / W p y h If IS 1 7 7 6 a , /W^tSbT§jSt^t/Wny hit 

if is * # t? o wm, ^/w^tSLTgfShfeaiLih/WBvUfsttacj: 

t i D, # / W 7° £ *f f S f- -v * p°p K * iJ S L , m S 7' t S 0 7 y r t If IS l 7 7 8 a 

, /w^tJitbTSSisnsifi^tffl^a^sssoTyfti 7 1 8, 1 7 2 2^ 

^ f ft IB * ^ £y 0 

[ 0 0 7 8 ] 

m m )]/ - =9- y 1 7 2 8 a , sissi 7 0 4M§ft«ii 7 0 Hnfnia5f-?o 

IdSD'SM^MIt^o IliKfyi 7 2 8 H, B S 1 7 0 0 K <fc D ffl ^ 5 ft 

8«S?S4if7Bhn;l/4fStSo * , If^-f > 1 7 2 8(i, I/OSil 

7 i o * ^ l t s m l /c if is © a ^ & tf / $ /c a g ^ si a ^ ffl m -r % m fi * m ^ 0 

[ 0 0 7 9 ] 

7 3 0ttlttll 7 0 0 (D W] ft * M ffl L , * IS ^ © 7? S * H ffi T 
S o X^i/* a -7t-7a-;M 7 3 2tt> ffl X. a , WT*^OlK?n/c/U7S*tfS 

sir, w d s r e, ft rc / w 7° © -fe ^ ^ y h , ffl a a , ^7yyy7h77^^t7"^ 
y hta-f-, ffl x. a , WT^fSicAnSo / W p y h ft *t ^ & S fS * ^ a - ;l/ 
1 7 3 4 a, fj D 3 T 5 ft S Ifg 14 ^ S ?g fi m tz # 7 y V y V > W 7° © # £ ft f S ^ 

P -7 h IS ^ * £ $ & m it L , ff^T, £ ?g ft W * / W 7° £ *f T S ffi A L tc ^ * % )VM 
Stf * W T IClgStfiff C ^T? # S „ W T f t ?WWW 7°IW/f t 7WVpiI 

ISS^LJI^^a-;!/ 1 7 3 6 a, WTClRShft CffSL^) 7°, Stf, M » © ^ 

* ;l/ n n n K IS a If IS , ffl x. a , S N R , SIR, 7 x - s? y ^ If IS * # W T 7 w - F ^ 
-7 ? IS S * S fS f S o ^<Ofr<E>HffiJgt8t»fciU B S 1 7 0 o a , WTtt-3t^§?t 
S 7°© U X h £ S If S§Sf?t S o ^ < Ofr<DHffiJBt!T?{±, WTa, )MfSM 
(DtSiDgl^nfcfe^^yb^l^tgLttf^tSo f7a-;H 7 3 6(i, SfSL 
/c 7 ^ - H > ^-7 ^ If IS * m m L , ?^?$SWT©I^^OlirifO;U7<DlJD3t 
tiB-rSSiiS^ff^o f J D S T © S , f J D S T -fe 9 * y h T? W T *\ fg il V # S 0 WD 
IiISIWlf-A7 ; t-;77* ; e-ya-;H 7 3 8 a, |gJtlfc/W7T'fgWSt* 



(25) 



JP 2006-524966 A 2006. 11. 2 



^ *? a. - )]/ 1 7 4 0 n , jgs^n/c^uyt/^t^f ^^v^-v-f ^gt^itTt? 

1 7 4 4 f± , WT*^©/H7°IJM1 1 7 6 6 £ ffl ^ T , M X. fcf , If il 7 6 6 V & M 
SnftW T cDff »tI^^T/W 7°**X £ v^XtS Tclsb £#S<D*l«*l<:St 

[ 0 0 8 0 ] 

Hi 8ti, * 56 TO t fi£ -3 T ft 5£ * ft ffl ^ W & M *g 4ffi * l 8 0 0 *gt, M ^ W % M 

5 * 1 8 0 0 £ , Hi 6©M^WS^Xf i©liIf->Xf A 1 6 0 OOWT 1 6 0 6 
, 1 608, 1 6 1 8, 1 6 2 OO^fni^SItltCttf^tSo WT 1 8 0 OH 
, /Ul 8 1 2 ^/fLTlSJtlftSii 1 802, )M fH « 1 804, I/OSfl 80 

6 , 7° P -fe y -t , Ii!f, C P U 1 8 0 8 Stf^t'J 1 8 1 0 ^ ^ tS 0 /U 1 8 1 2 ± 
f± , & l?^f-^Rtfii$5lT'^S„ Sill 8 0 21i7>ftl 8 1 4 

&3 (*»«!)) 7>ft, -rft*3-6, 7>rt (N) 181 5tg^2nt^?o 
1 8 0 4!i7>ftl 8 1 6tg^2ntl^o ^<O^OlI^I-e(±, « & 

©77 7°'J y?«iJ/U7^ffll>T, (*»©) 7>ft, t 6 t> ^ , 7> 

ft ( N ) 1 8 1 7?:I«|1 8 O 4tS^f t5„ ^<O^Ollflf(i, 2-3©{@ 
^?yff 1 8 1 4, 1 8 1 6 <D ft t> D £ n®7>ft*ffl^5Cttf-e^5„ 
[ 0 0 8 1 ] 

SfSSl 8 0 2ftl^il 8 0 3 £ # <t? 0 BS 1 7 0 0 Jl^giJtlfc^^'J y^l 
# f± % 7^ftl 8 1 4Sr>V$fcl± 1 8 1 5^;frLT§fH2ft, « # g§ 1 8 0 3 t i§ 

mmt, io*ta-f-f-^(D@i^^6t§iii 8 0 2 iaDiun5o ^ f§ « 

1 8 0 4 & , SflMta-1f-tSIB*^#ft-rS^#ffil 8 0 5^i? 0 Ifll 8 0 4 
{± , ?yftl 8 1 6&tf/Sfe{i 1 8 1 7§M>T777°'J>^i^*B S 1 7 0 0 ^ 

}g fi f § 0 * f§ m t J; ft a > 7 >y 7 u y 7 ft # t± , 7 7 7 , 'jyn77^y7ft**r 
- * / it is t , i^? ft ^ 7 y u y * ^ -r 7° t , noiK?n?r;W7tSL, a. o 

/ $ f± , f-tl3 i 3©^U7°tMtS^7y | J y7/U7"7^- K^7^f t*/Vigilg 
fc, IO/SftaWTC8f»KI^^T, MAS, ««<DBfJ 0 STt «fc D , 3§K2ftfc 
/W74IIL, S rc tt , / W 7 * B fiSc "T S B S 1 7 0 0 *\ <D ft 1? £ # £y f&J {9 if 16 * # t? 
o I / Oil 1 8 0 6 li, Mxtf, v ^ 7 p * y , X fc° - * , £ 7* * # * ^ W ft g ^ S 
I, * - # - F , 7° U y * , f-«*ISSI4J!0^4a-f-^y^-7i-X 
S fit * £ £y o ffl A fcf , WT 1 8 0 OOiffltf, h° 7 7 - F *\ ft [Si 5 ft £ a - +f - 7* - * 
, §^Sn/Sfc(i««^A7Jtt, C <E> » M , fc° 7 / - F\ Miff, gtj © 1 o © W 
T 1 8 0 0 ^56i?ftfca-f-f-^ §^M/$/cMfS«s6£ d t "Z? # S 
±5tWT 1 8 0 0 OSfff t^y^-7x-X^ fc§©t I /OSI 1 8 0 6 £ ffl ^ 3 

[ 0 0 8 2 ] 

^ U 1 8 1 0(i, )V — f- y 1 8 1 8Sfff-^ / If IS 1 8 2 0 -Sr $ o 7° P -fe >y +J" 1 
8 0 6tt/l/-f y 1 8 1 8 £ H ff L , ^t'J 1 8 1 0 F*3 (7) x — ^ / If IS 1 8 2 0 ?:M^T 

wt 1 8 0 0 ©a*ftff^MiiL, *mn<D^m*nM~r 0 *-t> isisb, ais 

;l/ - f y 1 8 2 2 SffWTMi^-f y 1 8 2 4£r#<& 0 WTffl|;l/-f y 1 8 2 4 H, 
f t^/VtllSt^a-^ 1 8 2 6 , /W7 0 sK*^ a -;l/ 1 8 2 8 , /U7°IK/t 

^^yMf?/ft*;Vfia^t^a-;H 8 3 0 , M t , / W 7 fuj ii If fg H $. 

SStv'a-;!/ 1 8 3 2 £ o 
[ 0 0 8 3 ] 

7* - ^ /If IS 1 8 2 0 a , -fe ^ ^ y h 7*- ^ /WIS 1 8 3 4 , IttMIISl 8 3 6 Stf 

a - -9 s - If IS 1 8 3 8 * # ■& o -fe ^ ^ y h 7* - ^ / If IS 1 8 3 4 ii , a - if - 7* - * , M 
X. ti\ WT 1 8 0 0 tOlf'fe7>'3 yf t°77 - LfcB S 1 7 0 0^\©}M{§ 
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f^#7*-*/ft?B, f W 7° M f S ^ 7 > y > 7 f- * * ;l/ 7 -f - F / W 7 ff fg x ( % g 

cd) ifj^nfc^^yy^wy", fio/s/ta, iKsnz-^w ~f<ommm ism?? 

[ 0 0 8 4 ] 

liitsii 8 3 6 a, m m <o ft is -t? -y h , -r * t> ^ , itimii 8 4 0, a ±4 a 

N If |g 1 8 4 2 * # is o S iffi Jg m m l 8 3 6 a, §IttIt#fO If is , ffl * fcf , sfc -y If 
^f7°tJ;»}|Sl/^n«gf^^C. B S 1 fl 1 8 4 0 ii, a ±4 jf ft grj If IS 1 8 4 4 , M 

t , mmojMmm^A^ 7 ft is -t? -y h , -r * *> , / w 7° 1 ts is 1 8 4 6 , / w 7° n tt 

1 1 8 4 8 ^tC„ /U7"l til 8 4 6ti, SfK«f« 1 8 5 0 , I > ffif fH 18 5 

2 , /Wn 7 MSI 8 5 4 S«7yffflIl 8 5 6 ^tl?„ S M I D If IS , ffl A fcf 
, OFDM77fAftO#£OBS 1 7 0 0 K f J D HZ T ft h - > * y £ > ^ - >T > 
X CD ftl # {J , SiLT^8#gOB S 1 7 0 0 * W T 1 8 0 0 lc ft grj 2 •£ Z> ZL t ft X S 

SflKffirflffHl 8 5 0!i, (IS©) IiKf©iasn/Sfd±;U7"ffl08fS, 
M tf > OFDM, CDMA, {S S « * H~ - A 7 * - 5 y 7 R ff \ , 77t7f^gI42 

tit? if i^^e. h - > if is i 8 5 2 a , /Hytit^MS^ch-y * >y \> y 9 
If IS lc m * X , ;W 7 lc fj d a T 5 tx fll $ tf / S ft a h - y -t >y h * fe # t? o /W 
n y h If IS 1 8 5 4 a, /WT'tJJLTSIShS^t/Wti? h f^^lgt § fit M 
^ €y o WT 1 8 0 0 a, #/Wy*tStSB S 1 7 0 0 II/UO7 hifSftSCfc 
«fc D , # / W 7 £ 74 L T m il T % f- * ;!/ p°p K * iJ J£ L , «g?t«, 7 y r 7" If IS 1 
8 5 6 a, /Wy*£SLTSi2n«ifjS»k:ffl^8^tSS(07yftl 8 1 4, 1 
8 1 5 ffi*St? 0 
[ 0 0 8 5 ] 

a - - if is i 8 3 8 a , m % js m go m m 1 8 5 8 , s*iDtii86o, ?j d s r 
sn/tf t*;nisi s 62, K/M»tta-+f-#itfii is 1 s e 4 , «gcco/w 7iJ 
JE/^ + * ;V S Jt ft S If ?S (/W 7 1 iJ^/^-v *;bp a P Kit^lf IS 1 8 6 6, ;W7°NI 
S / ^ * ;v 56 K » J£ If IB 1 8 6 8 ) , 1 J? * n fc / W 7 / ^ * y h If 16 1 8 7 o , S 
f^nfc;Wy/lK2tifcir^^yh/f t*;l/ n n n fS§fii 8 7 2 , M O* t , IR 

* ft fc / W 7° ffl ffll If |g 1 8 7 4 * fS ^ o 
[ 0 0 8 6 ] 

a - - |f |g 1 8 3 8 a , WT 1 8 O OtiDlft, ffl^e>ftT^3ftM"g-i£?o S ±fi 

S I D 'ft m 1 8 5 8 a, W T 1 8 0 0 II ft , {4 B 5 ;!/ ft © S M M <D M ffl If f 6 , M * 

a' , *yify^s/-^yx£ffl^p,ftsfg*ffl*^cy„ i Dili l 8 6 o a, w t 1 

8 0 O^fifKTS-fe^ftcDB S 1 7 0 0 la •) W T 1 8 0 0 CO II ft © ft m lc f% ^ 5 ft § S 
iMffl!3St I Dt*$§o 
[ 0 0 8 7 ] 

f 1 1 5 S T 5 ft /c f- * ;Hf IS 1 8 6 2 a, a-f-f-^^i^T<5tlflt«W 

T 1 8 0 0 t S L T B S 1 7 0 0 \c J; D $ J D S T 5 ft /c ( S£ CO ) ^^yijy^ft^* 

^tc„ fBST^nfef t^wH'tsi 8 6 2 a, b s i 7 o o if m z- a", ^ 7 y u y 7 

h77^7 7 t M L T W T 1 8 0 0 tfJD ST/c#S«/W 7^«I5(C0/W 7^ ?)ft»J-r 

sifig^ftcyo fJD stenfef t*;vii 1 s 00a, /w7co#tt, M*a\ ^mm 
, h-y, t* - 9 m m , sdVSftB, wTi8ooiaDgi?n/c;W7* 

m ® if m © «> ic m & a $ ft / w 7° © m 6 ^ © 0 m m tt * t ^ 0 m \> s t s ft k 

7- ;Hf IS 1 8 6 2 a , W T 1 8 0 0 lc $ J D S T 5 ft fc -fe ^ ^ y h , lilf, a J D S T £ ft 

/ W 7° © -fe ^ * y h * m Wl T % ; tf IS * £> ^ £? c 
[ 0 0 8 8 ] 

M, fgiitta-f-^if«i 8 6 4 a, ai/cafiiitta-f-tLT©WT 1 
8 0 0 <D&m%i*iSc ^ < ■ofr<nmMBMT*i±, /U7", M^a, iiffg 1 ^ 
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rcn.*?* y h^»j-e#, a-^-©MM^it£»jST;5M£ * d m d sts c 

ttfftSo /UyilS/ff * ^ to ft ff S If IS 1 8 6 6 a, ifj S If IS * , ffl A fcf , S 

fLft/Wn7hiflSff i:, /U7"K M x. a , a « ^ 7 * ;l/ 1 £ *f JS "T S Jt S If 
IS £ * # £y o d © J; 5 * If IS l 8 6 6 a , / w 7° l £ ft JS T S f- 7 7 ;!/ St. If IS , M * fcf 

, S N R , SIR, 7 x - S? 7 7 ff IB * if * H £? „ / W 7° N iJ S / ^ 7 * ;1/ p n p ft ft S If IS 

1 8 6 8 a , If IS -fe -y h 1 8 6 6 tlffltStf, / W 7 N , M x. a\ a fl f- 7 * ;!/ N £ ft 

jSTSiJSMJf Slf IB«<& 0 lK?nfc/wy/t^^yhfli 8 7oti, bsi 
7 o otgi?n5WT i 8 o o/wyiKsa*/$/iat^^yMfR^^c?„ ijrs 
ft /= / W 7° / 1! ft * ft -t? 7 7 y h / ^ * ;P n n n ft IS § If IS l 8 7 2 a , B s l 7 o o *\ 
C7-f-F^'^S5k:§SnS'<t?fe^T, ff IS 1 8 7 0 tiS^nftWTli/W 10 

7 £ *f JS f S ^ 7 * ;l> p"p ft If IB , M X. ti\ flft7M 8 6 6, 1 8 6 8 ff 5 M £ 2 ft 
If IS * # <fr o 51 ft 2 ft / W 7° W SP ff IB 1 8 7 4 11, W T 1 8 0 0 Off SKItJ^T, M 

1 7 0 OlCjf^TSWT 1 8 0 0 ff b B S 1 7 O 0 "\ <D )S (8 "T ^ # M fP If IS * # Cf 0 ^ < 
[ 0 0 8 9 ] 

> 1 8 2 2 ii , 1 8 0 4 RXf&mWk 1 8 0 2 tlti^f-?© 

5 ff S S ff £r ffl iP f 3 o S , ifl^-f > 1 8 2 2 W T 1 8 0 0 £ «fc D ffl ^ S> ft 
?2$5"$&If7°Dh3;^Igt§ 0 B S 1 7 0 0 £ J; D ^ nj 2 ft j5 7 y 7° U 20 

y 7- }S fs r - 7 / if IB w t i 8 o o £ <fc o g ft * ft s c t , Mfft, ^7yyy^l 

r - 7 / If IB ff 38 ft Bf & T* W T 1 8 0 0 £ <fc <9 S ft * ft § d ii * ffi ft £ f § «fc 5 £ , 3 
fS ;l/ - ^ y 1 8 2 2 (i, B S 1 7 0 0 ff 5 3M ft * ft 'if IB * X s? a - U y f T & M fit * 
a )]/ - f - y 1 8 2 2 ii, I/OSil 806^/l-LTBS 1 700ffSa-^- 

[ 0 0 9 0 ] 

WTM®i;l/-f-y i 8 2 4 iiWT i 8 o o (Dibit % mm L , *fSK©^S*HS£fSo 

f- ^ * 71/ « SI iJ m t a - ;!/ 1 8 2 6tt, / W 7° 1 PJ S / f- -V * ;l/ p°p ft ft S If IB 1 8 6 6 

, f W 7° N SO S f- ^ * ;!/ P a p ft ft S 'If IB l 8 6 8 * « |# T § Tc tb , « Uc © / W 7\ 
^**;V0^**;VtfI*#M£;Rtf«iJ£-r3o 30 

[ 0 0 9 1 ] 

/W71Kt 3. — ;l/ l 8 2 8 tt , 7 1 ^ * )]/ m %RX3 / S tt ft S If IS , M ^ , ^ 
7° Ill/ft * )V fit ft ft S If 1 1 8 6 6, / W 7° N i'BJ ^ ^ ^ ^ ;1/ p n p ft ft S If IS 1 8 6 

8 * Jt M L , ^ * ;l/ , M x. i£ . II S © p n p ft ft S M ^ W "T S ^ * * ;!/ * 1! ft L , lOIK 
* , 51 M * ft /c / W 7° / -tr 7" ^ y h If IS 1 8 7 0 ft £ IB '» T § 0 ^ < O ff © H ffl II T? f± 
, > W 7° 51 ft ^ a - ;l/ 1 8 2 8 (± . ffifflt?#S20fi<±©^^7 P x W T 1 8 0 

^ < o ff © ft ffi ff^ M "Z? f± , / W 7° S fR y a - )]/ 1 8 2 8 H , W T 1 8 0 Off, W T 1 8 
OO^fJDSTSBS 1 7 0 0 t L /c ^ # 5E © -tr y ^ 7 h , Miff, # S © ^ 7 y U y 7 
h77^-y7^7^yh^51ft-rs 0 40 
[ 0 0 9 2 ] 

/ W 7° 1 ft / -tr 7 * 7 h 51 ft / f- 7^ ;V « II IB @ * y a - ;l/ 1 8 3 0 a , 51 ft 5 ft /c A 

7 7 / -fe 9 7 y Mf IB 1 8 7 O^^Cyf-^Ml 8 2 0 , M tf £ , If IB 1 8 6 6, 1 8 

6 8 ff £ ©«©iJS/p n pff ftSIf IB^rffl^T, 51ft^ft/c/W7Vlft^ft/c^77 7 
h / f- 7 7 )V p n p ft IB £ 1 8 7 2 * 4 fiSc T S o Sd-6> > 7-;1' 1 8 3 0 a , IB a If IS 1 8 7 
2^B S 1 7 0 O^jgflTSfiDfcjSMl 8 0 4^ilff;V-^yi 8 2 2 iliSftLTMlW 
tr S o 

[ 0 0 9 3 ] 

7°fflM ifiSftRtflfi^^y'a-^ i 832a, a/ffi^fttt^-^-^Sllf IB 1 

8 6 4 , 1 ft 2 ft / W 7° 7 -fe 7 7 7 h ff IB 1 8 7 0 , / W 7 If IB 1 8 4 6 , 1 8 4 8 £ 50 
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tsnftiK/w 7°©#tt, M/£fta, -t^^ y h x-^/tt is i 8 3 4©#t, m 
tlM, m ft , r-^Mfift £*#tfr — IS l 8 2 o $M^T, li 

* ftft/W ^fflSif IS 1 8 7 4 *S«t?. /W^MtPWISsK&tflSS^^a-;!/ 1 8 
3 2 ii , H K £ ft ft / W 7° ffl tP ff IS 1 8 7 4 ^1f;l/-f yi 8 2 2 3 ft L T B S 1 7 

7 ;l/ S R 7 ^ - K ^ -y X fit IS t , S JR * ft ft ^ >f 7° M fP ft IS ii a ^ BS l 7 0 0 ^^0 

is^T?eisns. ^<o^a)iffi^iT'(±, iK^nf^t^/y^ x 7 7 /i/ s « if 

IS £ , 1! M S ft ft / w 7° ffl fp fit 18 i: © -t? >y h © ^ < o ft7 ffl * fcf , 3 o © * nc © l o \n 
i?n, BswootcfcDffl^sns^, s 9 © if is a , f«j;^?tiai\ 

[ 0 0 9 4 ] 

Hi 9AStf|l 9 B a , *%|tJ;?I^W*Ii^a^^'r7n-f t-b 1 90 
0f$5, ft ft 7 r V 7° 1 9 0 2 V jt& $ D , Lct-!i, Kli'XfAOfS^tyt L 
, Ii->Xf A^ffllfttSo X f 7 7° 1 9 0 4 tii , S m f% t M m ffl {§ fiffi * £ © K 7' If 

is % £ fi f s © t a ±fi ji & ffl ^ a c t & t? * a it a © s * ft m m a it f- 7 7-71/ © # 7 1 

MT5f^, lilt /Wn^UfSSi?^, lit^i^tittl^lfft?. d 

© ±g m t h si ft © n ts. -d tc m m a m f- 7 * ^ a , ^ft<tfeiioiift*Mtfs 
2 © a fs f- * * )]/ * # * , m i & v m 2 © a m ^ 7 * ;p a , m ih a m ^ 7 7 & % m n r % 

lR[fS20S«iaS4^T^«. ^ < o © H ffi « H T* a , M IH H 1 SffS2 ©SiB 
, Sa^cTHXKS, MAS, Ift^ftffl8tl4^7i'-tXg«?*8. ^ < O © 
IWItli, lift r> TcT ^Xgftt, CDMA, O F D MSff|l6(DlStSIO'> 

ft < £ 1 2 o^^-cjo ^ < -o^(Dmmmm^ii, gft9f;7^xsfa> is»*7i; 

Xgf ii, gtj © S * I« ^ f S 2 o © ^ -T ft T? t, ft ^ M ffi £ <fc D fi ^ * ft a «fc 9 t , IS § 

nft^aft^ftfifSi?sgsnfti!S:^ftSffli*^G, ft ft a x r v 7° 1 9 0 4 ^ s 

X r 7 7° 1 9 0 G'xifitS. 
[ 0 0 9 5 ] 

7 r y 7° 1 9 0 6 ttt, « ft © M ft -p 7c a ft f- * ;l/ © # 4r t 7^ f a n ° n R If IS * ^ fiic f 

(9 L , ©ST a J; ^ £tenafSS*^ftft^S o IffiiXr y 7° l 9 0 6 ^ e. X r y 7° 1 
9 0 8 'NifftS. Xr V 7° 1 9 0 8 T? tt , £ fig L fit* fflf IB £ ffl ^ T\ «^©Sft ^ /c 
lSlSafS^-¥ *;l/£St§lip n nl'B ISir 7 h <t 5 tllliSJ^lfftS 

o Xrv7l 9 1 0T?{±, IS^f L /cafHn a nK'tf SE -b y h Icl-J^t, «iSc©llft-3 

fclflf 7W1/© P^IS L , Cfttc^O, J: 0 a^^fS#tt^tufHte»afSS*^4^ 
S }S M S « £ *f JS f S ^ 7Wl/ * S K -r S J: d fc ^ ,® a fS as * * ft ft T a 0 ^ £ , 7 r -y 

71 9 1 2 ts, f- * ;i/ s * m m m *\ g ii -r s ^ ^ t « is a ft c * * ft ft t s 0 x r 

-y 7 1 9 1 4 Tf a , IjRLftf ft D © ( « ft © ) f t (cBIt Sf + 

7- ;l/ n n n K If IS , iiif, S N R , S I R , 7 x - 7 ^ fit ffi ft if * S ±fi ^ 'N (e ^ f § i 9 

t to|gafss**ftft-r a o »ft axx -y 7° i 9 1 4*^ii/-FA 1 9 1 

X f y 7° 1 9 1 S'xifftS. Xf7 7°l 9 1 8?tt, IK L ft f t ilf S f t 

7- ;i/ m ® if is , fin, a? « m , » ^ sn m , s t? © a si ft h m m m ^ e m t % ± 5 1 «s 

ISafSS*^»fttr§ o ^<"3^©itfltii, Xx-y7l 9 1 2, 19 14, 191 

8 -z? £ g s ft it is^, m^, M^a\ ^ -y t-^t-gteit s„ ^<^©n« 

H T? a , X f ~y 7° 1 9 1 2 , 19 14, 1 9 1 8 © fit IS © ^ < O ^ * S ±4 S ^ ^ * f\ 
iiit to IS a ff m U ^ 3 O © X x -y 7° 1 9 1 2 , 1 9 1 4 , 1 9 1 8 © 1 o & © If IS 
^)MfSL, ^ D © 2 ooxf -y 7°£WJS-rs WIS^iMfi Lft ftftaX7--y7l 9 1 8 
6 X f y 7° 1 9 2 0 *\ ff -T S o 
[ 0 0 9 6 ] 

Xf 7 7* 1 9 2 0 TB, £ILftlS}f t^;^, f E )iL/cx77;l/ n n n K1flSi;, (Sit 
L ft x 7 7 ;l/ M ® If IS t % S fS fr S j; ^ £ S ifi ^ ^ ft ft f S 0 ^ ic , X r -y 7 1 9 2 2 T? 
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M/S f:(if t *;I/MMIS©Mi: LTI4^ ftgiSffl^TtiSJnftlif t * 
M©BfHx * l ofr 6 ©BfHMMfJ D S Tt s J; 5 t SffijS^ftff T 

S o lfF(iXf7 7°l 9 2 2 6 X r 7 7° 1 9 2 4 'X it fx f 5 o Xf7 7°l 9 2 

M L fcafix * ^;l/*ftUSaMflS*fcfJ 5 3 T „ 915 S T If IS ^ MB (H M ^ Ji "f 

ai^fciii^iftts. tc , x x -7 7° 1 9 2 6 t? t± , a ±4 m ^ 5 © f 1 J <o s r * s m 

tgJ;^ tMfflft M^ftff -T S o Xx-y 7° 1 9 2 8 t? {± , ML, fj D STftllf 
t*;Pt*a-f-f-^/ If IS , M^tf, «y'J>n77^7^^wH-f-f 

- x / ft is * s m -r a «fc ^ fc a m m * ft ft t s 0 * t , xf^i93o?B, £ l , 

fj D Stftllf t *;H?^-^-x-X/fitlS, MAS, ^^'^^770^ 10 
* ^;Va-+f-r-^/ ; ff ISMfH L, lit § «t 5 t Sft M (8 S * * ft ff f S 0 »fn± 
X T 7 7° 1 9 3 0 ^5IT7-F 1 9 3 2 *\ 1 If f S 0 
[ 0 0 9 7 ] 

8 2 0(i> * £g $ 1 ft 5 to Hi fift * , ffl 3. «\ M^»Mft7-F©ftffi:M-rsXT 
-y7°^^-r7n-x + -h 2 0 0 0-{:'<fe?»o 0 2 0 t^t J; 5 £. *%|tffi^tIgS 
ft, M«© C P Uti !) Ifr? tl/i V 7 h ^ x 7©WITf ifftSiiSS t i D 

, i2oiL^t7f77?ifTt'#5. 0*1 «\ ftE is ss * © e ft s tc i± m m * y © m , m 

SP V 7 h £ m ft f % t , — f > 7 f 7 7* 2 0 0 2 f J ? 0 iff (i li^X f 7 7fr 5 
X f V 7° 2 0 0 4 & X r >7 7° 2 0 0 8 *\ ffi ft f Z> „ d © d t H . M #1 © S S © H * 

at. >y^2 o o 8THfets»t«sgKtiffii?$o, ^ < -D^iommjBmvii 20 

[ 0 0 9 8 ] 

Xr77 2 0 0 8 ftt, MS*^ 1 OttiOSiLfcffl^^5IIS*(?)lt©a 
fi^ftSL^ ffl A fcf , fSt5, £ ft L fc ft # * G P S ffi ■ 'If IS « # , SftH, ffl A fcf , 
•77*;HIM57^ii(D-S, «*ifflffllfl#*fct±*©flfi©ffl >7 7 £ 

7f7 7 2 0 0 8 taS?nftlt©3S^ffl^T 1 |ftaXf7 7"2 0 10'\g 

ff b , c c t? a , itoii^iiLT, ft t ^ m £ /& « m © ft t & £ ^ ^ s -f 

^0 ^OffiOJiao^^fenr^T'feSo 7f 77°2 0 1 0 ft ft » , l&#0iIfifciI-& 30 
t«A5£, IfltIl^ttgf^I^tSi:j;^^CyXT7 7°2 0 1 2$fcSXf 7 
7° 2 0 1 4 ^\ f! It T £ o Xf 772 0 1 2 » , Bfji'P^|& , rS*SilSfiS*lcSfeS<3ifS 
K « © 51 JR * # £y o ^ < ^ © ft M IS fc *5 T , X f 7 7 2 0 1 2 "PlKL/c Jgti, 
B S77rf /^-7S(l/$?cii^tf)l©liIIi#tt^lit?©£, ttf Wbf 
^ * x * ;Hf IS * ffl V 1 « *v t L < t± ^ < x + * If IS * ffl ^ ft ^ c g'J © 3 M fe rT T? 

3 , 7 7 ^ 7 r a ft 73 r£ t± , Xf 7 7°2 0 1 2 f IS?tt§Ifgi©-lT'fe5 
o ft ft fct X r y 7° 2 0 1 2 5 X r V 7° 2 0 1 6 "\ m ft T S c 
[ 0 0 9 9 ] 

ffi }S © ft # ^ M A fi\ Xf 7 7 2 0 1 Otffl^fcIgLt^iJ; 
SJStSXf77*2 0 1 4 t? tt , ffiIt'iBLt^SA\ tihL t ^ SilSS 1 1 I 40 

< Bt- Sgfff^URfS. IlRLftSfS*, Xf772 0 1 2 f|«Lft7? 
•fe x S « f± , t / W ;l/ ^ 6 © f - ■¥ * ;l/ 7 ^ - F v V ft IS * ffl T , 7 y r r ^ X - y & 

* /c f± © ffi © ^ # 14 ^ IS W T S o ^ < © « ^ ^ COKf a, X f 7 7 2 0 1 2 7? 

!!K*nsS«tM^?,n^«^j;DfeiS^x-v^;l/7^-F/VyX}ajg©fgffl^^<&o 

^n^ifii-e^ft-rs a3a^ftMiiS*©^^tteiiS*t <t 

< ©Sifiii^Cx-v *;«i7 -f - F/W XWIS, Miff, SNRSftttS I R!SS« 
46 S C il & Tf * , L L ti\ C n * £ o ft ff t± X x -7 7 2 0 1 4 ^5Xf772 0 1 6 

^ m ft t o 
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X x v 7° 2 o o 4 -eWjt&f « f±, «15c©x * ffl * «\ H^^/fcafSS 

sw^mt % o xx -y 7° 2 o o 4 -ea, nft rcwmmm £ *f jsf s 7 >ft < 1 1 2 ^© 

f t*;l/tMLtf t*;V n n f,Ii£f *4)St§o 35? £ , x x y 7° 2 0 0 6 t? f± , a * -3 

/cafss« £ ^js-rs«ssc©aft ^ fcf-^r *;i/©#4f £ *f ltms*^ u ft £ m 

ft /c x * * ;l/ S « If IS * , 4> ft < t, X x y 7° 2 o o 4 T? £ jj£ 3 ft If IS -z? H §r T S 0 ft 

ffttXf7 7° 2 0 0 6 *^X7 7^ 2 0 0 1 6 "\ M ft S o 
[0101] 

Xx-y7°2 0 l 6T?tt, *ft«flS*tfffl^S ©fr$? S Lt^afix^ *;l/#x + fit 
Stl'J^TIjRt*, M x. if , S H cD x + * ;l/ n n p K * ft s a « x * ;!/ * 1! ft T S 0 10 

1 OlfJB, X T 7 7° 2 0 0 1 2 , 2 0 0 1 4 T* tf o K fff 3 JR £ fi£ 5 d t fr V # , d ft 
£«fcoT, ISS*Olt©ifitl^<atfft5„ ^ < ofr ©HffiMT-tt, a±4 

£ <£ D ilcftiftlStif t^ll/©#^t:SLtiSJ}ifcf t^/l-SI If IS -t? -y h fr 

m -r s «fc ? £ m Hi us * fr s m © x * * >v * m m £ m m ? % m & , m * © m & if is * x x 

-y 7 2 0 1 6 T?ffl^ftl\ 
[0102] 

lffiift^iH}}Xf7 7'2 0 1 6*^6lXf 77"2 0 1 8 *\ & ff f S 0 3S±i Ji fr 

x •¥ * ;!/ 3 K © M ffi * m a H SS m H T* f± , 1 S? X x -y 7 2 o l 6 % m IS L T Ji c? , Milf 
, tH?f ?, C © J; a ft H ffi ^ H T* a , IffliXf 77^ 2 0 0 6 SD*/Sf;ti 2 0 0 1 

2 , 20 l 4 5 a g x r -y 7 2 o l 8 'n ji If f S 0 x f- -y 7 2 o l 8t*tt, ^t*;H 20 
Kfrpfcft/cft5«\ &«liiS*t±^ir*/Vaft*£jiT3o Xf7 7" 2 0 1 6 flffLf: 
IRffilcDgStLT, ^ft < t t, 2 -D(DSft *;I/fiD^ ^;I/,fi,K*af1f IS fr 

6 , HRLftft*^*^tif*SSLft, cntJniT, lo/Sfcl^ f - ^ ;l/ S 

f 3 ^ ft < i: fe 2 o <D f- + * ;!/ £ M T % f- -v * ^ p°p K 1f IS , Stf/$fta, SilK If IS 
, SKL/c}SfSR«^a-r ; fflS^MxS 1 •o«±cDfi#^^^L, aiftM-\}SfS 

T?t3. CO«fc5ftfl#tJS«FbT, » * ^ t± , SJ^n/if t*;V©10ttiOt^^ 

5ff7o Sifi^fi, SKSn^KWt^JS-r S ^-^ ^<ofr(D^ffi^H 
fti, Lti^S^L, o / * fc tt , SS^fcftl*^^ HR2hfeS«t««tS 30 
^ir*;!/^, Rt^/S/ctt, lK2ti/cf Sl^t^t, ^<ofr©H 

ffifl^ilTa, SIJDSttSo ftt«fiffi*fl#tJS«FLTSfJ D ST^n/ctia, MISS 
*fr»KLftfr^fcS«*ffl^TIIS^ftfcx^^Wl/£J;^Taitfe/c?»^ft§o CcDj; 

^ s ^ s tt £ js u t it tn © x * ;p n m % m m t a t? # s 0 x r -y 7° 2 0 1 8?a, m 

[0 1 0 3] 

ft a , Jl / it ^ M it X t -y 7° 2 0 1 8 fr 6 X x -y 7° 2 0 2 O^ifrtS. X f V 7 40 
2 0 2 Oftt, S K * ft fc x ■¥ ^ )]/ fr , M £ m S? * ft x -v ^- ;V i: S ft o T ^ ft fi\ M IS 
1152 ft ftf (7 0 IR^ftfelff t*;^Mi^n5gf^ 

, M£ffl^/=x-¥*;l/i:ftft-3T^ft&\ »USflS*{±, IjRSnftf t*;^nat8«) 

t± , i o jw ± © ti a « ft s « # tt © © a * , m x. tf , f + 

«0£ffl^6nft7>ft0»*$ItS. *yttHtc»aHx MlSSSftfftt, Xx-y 

7 2 0 2 0 fr 6 X x y 7 1 0 0 4 R IS / $ f± 2 0 0 8 "\ Wt ft T S ft * f# o T « ^ W £ 
its. £©£?£, x ^;l/^MffiW£ WFfffi L, ftSfifiS*ttllStf/Sfcl±l&#©iifi 
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82 m, m^m^-mmmmicis^ ^rnmrnic «t trnfrsns^ffi 2100 ©xr-y 

7°$^t„ 73 & f± X r -y 7° 2 1 02t*tef5o ft ft & X r ~y 7 2 1 o 2 X f y 7° 2 1 

0 3 "\ ft fx T S o X f y 7° 2 1 0 3fli, £ ±fi S f± , SS £ S * S> CD 7 > * < il t 1 O © f§ 

;KD-t^^ y hcDfJD STOSI^gtf t*/HRfl^fc LTfe Sfc, fS^ftt, 

MMffl©^ M L, SKLfc^^fWl/fr MM^cd^t ? * > h * f J D 

STS/ci6©B S-\©S**^-r/ci6, 2SM*££DWS2nfcJ;dftMcDilft-3/c 
^ * * ;l/ © S K * ^ T m ^ t L T «fc ^ o i^^fiL4tf^ X r -y 7 2 1 0 3 A^ifi 
T 3 ft ft "ex r -y 7 2 l o 3^il»tIffT5„ f t*;HKatf/$ftlifJ!3 

H-r S fS^MMfr 5Si Lfc&, ft ft fctXx -y 7° 2 1 0 8 , 2 1 2 0 '\iKff f 

So xr *y 7° 2 i ostt, ity-Fol^^iffib, itcifitf a£?nftlf«* 
tjfrssMS^^HK-rsMffi^m^ffiaisKoMji&^s-ro x f y 7° 2 1 0 s , 21 

1 0, 2 1 1 2, 2 1 1 4SU'f t?^HKX7"y7'2 1 1 6ii, 02 OtiLtiiL 
fcXf77° 2 0 0 8, 20 1 0, 20 1 2, 2 0 1 4 S Of t *;HfRX f 7 ^ 2 0 1 6 

[0105] 

X r -y 7 2 1 2 0 7- f± , S fl L fc ft # , HRJMftf Miff, # S © x£ f§ S 

« t *f js f § f- * * )\/ * ^ l r ^ s ^ * & s -r s o mm*. iR^nftf t^;v?iLt 
^ftttmf, »ffiixr^2 1 1 e^Mfth, cct*, g 1 ^*;!/^ liff, fiife 

ft # CD f- ■¥ * 71/ A ft fit IB fc » "3 ^ T S ft 3 „ ft # , URSflftf t *;V*^LT^S 
±1^, ft ft tt 2 1 20*^Xf77"2 1 22 "MRffb, & S ^ fct , £ ±fi Jf f- -V * ;!/ * S 
Kt51^, X r V 7° 2 1 1 6 X r V 7° 2 1 2 2 *\ ^ fx f S 0 X r y 7° 2 1 2 2 t? }± 
, HRSnftft*;Hi:j»t«S**IfttftJ&, ?t # ft f- * * ^ « iC , Miff, 

n ft f- * ;i/ t? f(j ffl nj ft -fe ^ * y h & 3 h 5 t o ^ r s -r s c ss^nftft 
^;i/coail£^jSt-SKffi^ilS^nfc^^^;i/^f[JfflT^s^^ftg L -¥^;i/-fex'^yh 
tf#fttna\ iff(ixr77*2 i 2 8 'MRfj -r s 0 ^?TS»na\ ft ft a x r y 7 2 
1 2 2 e. x r y 7° 2 1 2 4 'n it if f s o 

[0 1 0 6] 

Xrv72 1 2 4 t?{±, lilti, iSOKIflS^n/cf + *;l/fc*frs*ft«flffi* 

© s * * -r \c , aK*nfef-^*;i/oKwt^js , rsf-^*;i/*^fi8&tf/s7'c 
t± ffi 58 f a <£ a \z a fs « m * sffl 0 a t t s „ ^ t , iifuxr 7X2 1 2 8 ^ m n t %> 

o X r y 7° 2 1 2 8 T? tt , Ilitt, HR2nftf-t*;HcSJSt«S«*ffl^TH82 
[0107] 

© s m d stti, m a tf , a m m ^ ft ft * , iiwtsi;« t 

[0 1 0 8] 

^satiD, Jto/S/ta, Sft -3 t/^iSKftft^WStDXr >y 7T?Hff 

tSLfcti^ M ft -3 Hffi^^^ jlfiic T? # S c 

[0 1 0 9] 

7 - K * f H 32E f S SI 1 <D m ^ W ft a f§ 7? j£ li , KTtDXf 7 7\ f ft t> % , lliti 
iBSMflfS* t fiDKT? WlS^^ff f § ©Kffl^S C il^-et^tlSOIIft /ctelSafS^-^ 
*;wc*ff safS n n n Ktf IS^r -y h^iitSJ; d tc M Hffl f§S* * ft ft T S X r >y 7^fe 
5T, C CD if ^ , MIH«^ © M ft «S HI fS * * ;!/ 1± , ^ft<ilfemicDfflfM9 L -¥^ 
;l/ & SI 2 cd a ff f- ^ ^ ;i/ * # » , SI 1 & tf SI 2 cd a f- * ;l/ li , M E SI 1 R XS SI 2 cd 

a fs ^ -v * ;i/ * * n n ss a -r s tc *6 tc ffl ^ ^ n s si 1 & si 2 cd ^ m s * cd m m -z? s s 
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lift -d fep n pf#ft^f L, MEIlStff 2 0lflS«aift^T^«^f -y/i:, 4>ft 

< fcMfESI 1 MMEfg 2 © a ff =f- * >V ic *f)ST S lift * ft fc a ft f- * * ;l/ S« If IS 

[01 10] 

laLftiKDM^WaHJtJgS-pa, iSi^a, '>ft < i: fe MfESI l MMfESI 2 

© a fs ^ * * ;i/ © s k ic m r s ft is * m a s n t & t? # s 0 si i cd m tj% m ft 77 m n , mm 

i^ttsn/if t fit LTff ffi£MfBMffifH«t fSjI-f S © ffl 

^i&Mt-s-jyeifc^^sSo si 1 oM^w*^j£*HBS-rs©tMt/^nst5fHmi&t; 
H2©s«^, SJt^ftfignft^ri'-ir^sjisfctsiifcS'Tt, s# 7 , ft e> 7 7 ^ 

DMA, OFDM&tfiR^^M^aj&iSRffifc^CfCfctf^S, B# 7 , d ft M J? 0 ^ 

< ^fr © ft M fi ?7± , Sa^fc7^t^SiO#4rtt, #S07^tXSff^If t5 

SIiSff^IIt§i!HS*-3f;7^irXfii(D l-3tM6t§SiII*^ti?t 

isgftft t^ 0 

[01 1 1 ] 

H l <DM^Wft77?£©^ < ofrfiDHjKJgtn?{i, SiffiJf JIB < fc-77 

liilO/yft^^S, ^ CD - 73 T? , C <D 77 £ ti , t9Eftt«flffi*O»#0iifi*^-riB!I 

[0112] 

Hi © 7j s © ^ < o ^ cd it ffl m n t? a , if f-t^/^iKt^iatiiistft/'i 

llOM»»^'f^-i'fY*II«*'\4i8j|lOliSf*ljRt«Xf 

y^*ffl^«S2 0liSf£^Bt«Iif-t*;V*Ill5tSXf7^j:*||fft«ft; 
46tMfH-77*»ft-rsci;^^Cy 0 MISfttlRfiliSSOl&ffOiifi^^-rillS^ff^ d t * 

# ft SI l © ffl ^ « ft 77 ?£ © 2 £ 2* S * H Sfi » gg 7? , iJ 7t £ ff 5 X r \y 7° fi , M f H * «3 if 
^MfEMS*^©^T7iSff 2ft7_ff^© F <y ~f ? - <DMf£*ff 5 d i: * # t? d £ 

7§5o m ih *s ii s * <d m t © }fi a * * -r m s * fx 9 x 7- y 7 a , 

$ ft * * s c t * ^ / w ;i/ 1 m & -r s © ic m ^ 5 n 3 * -< 5 > 7 $y f§ ^ t , ii/-f 

^ s m jb w t s m * n 7c m ^ © « * ^ m m t n k m it t %> a j ^ , mm^^ ^^(DMim^n 

tcffaMtD^ikm, is «fc tf •¥ *)]/ <D 7 x - y ^ iJ S tf © s ft * © 3 # il CD 'J> ft < il t, 1 

ocift^^igtsct^ftbDfcLt^cyiifc^-eta. M ^ w ft 77 -e ti , mm^ 

* * ;l/ * S 0? T 3 <fc 5 t S ±fi R Z$ * / W )]/ <D - 77 * Ws ft f S X x y 7 i± , M IH iJ 5£ ^ II 

iaa©&i»«s*©»2*^-r«i^ s i ©sffit^jis-rsm 1 oiift*;«iRL 

, MIHSI l ©fflfiKtf^, MfHte*IS*^^tfiHEa±iii^)Sf§t-SSI l M©^-¥^;l/ n n n K 
7 - ^M^^ffl^S d i: , Mtflc. MfHilJ^^, M IH SI 1 }S fi © M IIS * <D «j # 

inii^2lgolWtoitt^ti^, MfHSIi*©^-¥^;i/ n n n K7^-F/^ 
-y 7 If IS J; D t ^ ^ SI 2 M © ^ ^ * 7 w - F Ay 7 If |g * ffl ^ S SI 2 © a fS S « t » JS 
•7safS^-¥^;l/^51tR-rSdi;^^?_?iii:^^#, B# 4r % crL^^^Cyo ^<o^£DH 
»l7ii, ite® 1 ©Ifgia200B£7yrtf MV\ 7 7 * 7 r -7 S fS 77 S * 
ffli/^cKflSTf* t) , MfHSI 1 ©afSS«t±, #^©Hffl^il^Mffi»±fiM^ 5 ©MM 
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*;Hf 7 4 - F/^y jrflf«ffl^« 0 ^ < -3fr©§iM!iTa, SI 2 © g (9 73 S f± , M 
[01 13] 

m i ©m^wms©^ < o^©n»)gfi?ii, smmmm©m a«©7 
yr-T-^^cjo i ^© d © «t a *nsfi^in?f±, mesi 2 ©sHsswa, ^x^^m^s 
« 7? s s o 

[0114] 

D ; *M7n^r-^i;LTftff-r^l'Oli(±©;l/-^y^^^U^ic:^Cy 0 f- * jV -fe ^ ^ 10 

fe !i f -\- ^ ;1/ f ij D STMfHf ^JS^bTT^^wV-fe^ > h^MM^fJD 3TS 0 

* M 7 p >r - X 14 > -3 ?cSit WlSt S f t ^/VFItll^fJ 5 3 t 1 1/\ 
ffl A a\ l o ± © to Hi #g * ^ 5 g ft 2 n ^ + * ;H W if Sfeaf t *;HJ5 3TS 

* tc JS » b T , locSf tSjSt«f-t*;Vfr5, g'J © l o © S m £ *f JS f S f- * * ;l/ 
"\ * rJS * B f iJ *) 3 T f S c i: T? £ S » 

[0115] 

SI l © ffl ^ ft * 73 ffi © ^ < -3 © ft ffi B m T* t± , Iflf + *;^IK1-§J;atllS 
SO*t;H;VO-^^»fFl-?Xf -y7(i, t9KifflStf®iiIfi©lft«Sffi*©»#*^-r 

±i # , si 2 © a m f- * * * <fc o t a ^ m m 9 << >% - r * & tf s? no ^ -r * - ^ r ^ © '> 20 

4<i:tlo%iit3SiOlifii*ajRL 1 MEMS^, MIES! 1 afi©S&M* 
©«j#«fct3fe3H/^23ga«DD8«4S*©»it*^-rJi^, Sll © a « R « ft £5 f £ SI 1 

© a fs ^ * ;i/ ^ ^ m m t* t s t © «t o t a ^ s ^ -r ^ - r * * m t % m 2 © a « 

SStSlStSS 2 ©lift c i: * ty o 

[01 16] 

si 1 © 73 a © ^ < o ^ © n ss & m 7? a , iff + ^/^iRtsi^tiii&tf*^ 

^;HD-J%»tPt3Xfy7'ii, f- * )]/ H © g f b M it * m S. 7? £ b fc if # , ME 
M m © f- ^ * ^ p«g T? P « S? © a ft * ;l/ ^ e. ¥ iJ ffl T? t S fe © <fc D fe B ^ M & £ a 

^ ^ - r * « m t % f- + * ^ * ta e « » © f- + % ;i> « t* 3 w -r s x r y 7° t , f- 

« , f- * ;!/ « il © ^ fk^ilEli^JiStSU fc S^tiKUiEf t^^i H 

m ^ s ra ^ ^ ^ - ^> r ^ * m $ -r s m © 1 o © ^ + * ^ ^ tu e « ssc © ^ ^ ^ ;v ^ v s -r 

SXrv7°^^^tf^S c J;atc;i|fiE-735rK)f / fT5Li;^^<ty 0 
[0117] 

m m m \c «t d * s s * n ss ® n r* ffl ^ n s « a © 7" * * ;v © i ott±*HST?t, 

S!HWi:tS<:i:« , 7t, S. o / S a , »fi£l?SS*8i:i:tf?*S. f - + * ;l/ & t/ 
f t*;I/CtSo*S?Sfi:fi»tb*, M^a\ @7£b, Ji^aWicfi^^^S d i: fe 
^J tg -z? s o I 1 < o^ollIlt'S, @ S b /c M E ?I St © a fS 7" ^ ^ ;l/ © * < t ^ 

< O ^ a , H ft -3 /c Bf jS 7? # ft f S 7 1 + * © H -3 fc M # *3 * * ff T , * ft ± , M 

-r n ^ © sf * t- ft ft t z> t 1 ^ ;i/ © $1 * a- 1> * a , a n ^ ^ % ^ © m # 40 
14©/c46, ^iJ^j|gT?fe§„ M^Wft73ffi©^ < ofr©iiMiiT?a, ilia, n*^ 

/c S If £ » JS f 3 7" + * ;P © PeS T- » S * , fi6^S2n/cX^7a-;Hcl7'^TMIW 

;i/ © v m m * , i3K±oiiss^f,ii2n/ci^ii:i^^tsfj^tt?o * 

M©73r£©-SPi: LT, Mlli, #g©5ffi*fflt^f ^;l/tMtSSf ^^Tl 
MbfcMEMS*^ S^fB2nfc'>& < i: t> 1 o © © US T? S 9J K * , a±fiS 

a, ?i»s*^6©f§f tjs^bT^j^nfc^-vifwi/M nff-rso 

[01 18] 

*f§K©73 a;©^ < -o^©nssjBii-ea, a±fijaaait©7 ytt^ts, i^©d© 50 
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£ ? ^mmmmvit, mm&mm tmu^^r %m 1 ©Ms*-t?7 f «:m©s{h7 y 
fi-*^tst>\ mmmt&m tmsttm-r zm z <Dmm%a3i* v f t±#7 1 -oitw&mT 
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METHODS AND APPARATUS OF ENHANCING PERFORMANCE IN WIRELESS 
COMMUNICATION SYSTEMS 

FIELD OF THE INVENTION: 

5 

The present invention relates to wireless communications methods and apparatus and, 
more particularly, to methods and apparatus for using multiple communications techniques on a 
dynamically selected basis to communicate with one or more devices. 

10 BACKGROUND; 

In a wireless multiple access communication system, a base station is responsible for 
communicating with multiple users. In general, the condition and characteristics of the wireless 
communication channel between a user and the base station can vary quite a lot from one user to 

15 another. The reason is that while channel fading is an ubiquitous phenomenon occurring in most 
wireless channels, the nature of the fading process can vary widely. For example, users who are 
moving rapidly experience fast fading, which can be challenging for the transmitter to track. On 
the other hand, stationary or pedestrian users normally experience channels with very slow 
fading that can be tracked accurately by the transmitter using feedback from the receiver. As the 

20 transmission techniques for achieving optimum performance depend on the condition and 

characteristics of channels on which communication takes place, it may be infeasible to have a 
single technique that performs well for all channel scenarios. 

Several advanced communication techniques have been proposed for state-of-the-art 
25 wireless communication systems, many of which use multiple antennas at the transmitter and 
sometimes at the receiver. Some communication techniques are optimized for situations where 
the transmitter has multiple antennas while the receiver is constrained to have a single antenna. 
Within this category, some techniques, such as the Alamouti scheme, are optimized for receivers 
that perceive rapidly fading channels that can be tracked at the receiver but not at the transmitter. 
30 The Alamouti scheme is described in S.M. Alamouti, "A simple transmitter diversity scheme for 
wireless communications," IEEE Journal on Selected Areas in Communication, vol. 16, 
pp. 1451-1458, Oct. 1998. There is a whole family of techniques, generally referred to as MEMO 
(multiple-input, multiple-output) techniques that are applicable in situations where the 
transmitter as well as the receiver have multiple antennas and can form a matrix channel. Some 
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of these techniques are described in 1) V. Tarokh, N. Seshadri and R. Calderbank, "Space-time 
codes for high data rate wireless communication: Performance criterion and code construction," 
IEEE transactions on Information Theory, vol. 44, pp. 744-765, March 1998 and 2) A. Naguib, 
N. Seshadri and R. Calderbank, "Increasing data rate over wireless channels," IEEE Signal 
5 Processing Magazine, May 2000. These can, in general, extend performance along two 

dimensions. They can either be used for providing additional diversity (diversity gain), or they 
can be used to increase the data rate by establishing parallel data streams between transmit and 
receive antennas (spatial multiplexing). In general, a given space-time coding technique offers 
some diversity gain and some spatial multiplexing gain. 

10 

While different transmission technologies may provide benefits to one set of users in a 
multi-user system, other technologies may be better suited for providing signals to another set of 
users in the system. Furthermore, which technology provides the best method for supplying 
information to a user may change over time, e.g., as the user moves from one location to another 

15 and/or a users rate of movement changes with time. Accordingly, there is a need for methods 
and apparatus for providing a mobile user the benefits of a particular technology at a point in 
time which best suits the mobile's needs, reception characteristics and/or other mobile related 
characteristics such as motion characteristics, at the particular point in time. In addition, in a 
multi-user system, in would be desirable to be able to provide different wireless terminals, e.g., 

20 mobile devices, in a cell 



SUMMARY OF THE INVENTION: 



Given the mix of users in a wireless communication system, it may not be desirable to 
25 use a transmission technique that is optimized for a single particular category of users. This use 
of one transmission technique for all classes of users may constrain the performance of the 
system. 

The present invention is directed to methods and apparatus for taking advantage of the 
30 transmission benefits which can be achieved by supporting a plurality of different 

communications technologies at a base station or other common node which interacts using 
wireless communications channels with one or more wireless terminals, e.g., mobile nodes. The 
different communications technologies may be different transmission technologies which 
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involve, e.g., different ways of controlling antenna patterns and/or different access technologies. 
Access technologies are frequently defined in engineering or other fixed standards which are, in 
many cases, publicly available. 

5 In accordance with the present invention a base station supports multiple 

communications channels which are sometimes referred to herein as pipes. The quality of tire 
communication channel, and thus its capacity to communicate information, is normally a 
function of both the amount of resources allocated to the particular channel and the type of 
technology used to implement the channel. Physical conditions such as signal interference may 
10 also affect wireless transmission and thus the quality of a channel. However, the effect of 
physical conditions on a channel will often differ depending on the type of access technology 
used to implement the particular communications channel. 



In accordance with one embodiment of the present invention, a base station supports 

15 multiple channels corresponding to different technologies at any particular point in time. The 
channels may be fixed and remain unchanged over long periods of time, e.g., multiple periods in 
which one or more mobile nodes are scheduled to use the communications channel. 
Alternatively, some or all of the channels may be periodic in nature with channels corresponding 
to different technologies being maintained at different points in time, e.g., in a repeating 

20 predictable manner resulting in different channel combinations existing at various points in time. 
In addition and/or as an alternative to using a fixed set of communications channels 
corresponding to different accesses technologies in parallel, a base station may operate to 
allocate resources to channels corresponding to channels corresponding to different technologies 
in a dynamic fashion. For example, in some embodiments, in response to a mobile node 

25 indicating a selection of a channel corresponding to a particular technology to be used to the 
base station or the base station selecting to support communications with the mobile node using 
a particular communications technology, the base station may create a channel corresponding to 
the selected communications technology and/or increase the allocation of resources to an 
existing channel corresponding to the elected communications technology, e.g., to increase the 

30 amount of time the selected technology is used and to thereby increase the number of channel 
segments corresponding to a particular transmission technology. 
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The communications technologies which are used to create communications channels 
may, and often are, incompatible. For example communication over communications channel 
created with different incompatible technologies may require physical and/or signal processing 
changes in the receiver and/or transmitter when changing from a communications channel 
corresponding to a first technology to a communications channel implemented using a second 
technology which is incompatible with the first technology. This is because particular 
technologies may impose physical and/or other constraints such as specific hardware 
configuration requirements, such as the number of antennas used, which have to be satisfied for 
successful receipt and/or transmission of signals corresponding to the particular technology. 
Communications technologies are often defined by communications standards published by one 
or more standards bodies. Two communications technologies defined by communications 
standards may be considered incompatible when compliance with the communications standard 
which defines or specifies the requirements for one communications technology would result in 
a transmission, reception or other constraint or operation which would violate a requirement 
specified in the standard which defines or otherwise specifies the requirements for the other of 
the two communications technologies. 

A system implemented in accordance with the invention normally includes at least one 
communications cell but will more commonly include multiple cells. Each cell includes at least 
one base station. A plurality of wireless terminals, e.g., mobile devices, normally communicate 
with the base station at any given point in time, e.g., using segments of one or more 
communications channels. Given that different communications channels use different 
communications channels, to take advantage of the benefits of the diversity provided by 
supporting multiple communications technologies at the same time or in a periodic predictable 
manner which uses different technologies at recurring time intervals, at least some wireless 
terminals support multiple technologies. For example, a wireless terminal may be capable of 
supporting OFDM and CDMA communications. While some wireless terminals support 
multiple technologies, other wireless terminals may support only one technology. For example, 
some wireless terminals may include a single receive antenna while other wireless terminals 
may include multiple receive antennas. The wireless terminals which include multiple receive 
antennas may can switch between communications channels which use MEMO and require 
multiple receive antennas and channels which correspond to technologies which use a single 
receive antenna. Wireless terminals with a single receive antenna would use the channel or 
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channels which are implemented using the single receive antenna technologies and would still 
be able to interact with the base station but would not be able to take advantage of the channels 
require multiple receive antennas. 

In order to support an intelligent selection of which channel to use at a particular time, 
each wireless terminal which supports multiple technologies maintains a set of quality 
information, e.g. SNR information, for at least two channels implemented using two different, 
e.g., incompatible, technologies. In some implementations, the wireless terminal selects 
between the plurality of channels based on which channel is indicated to provide the better 
quality at a particular point in time as indicated, e.g., by a comparison of the quality information 
corresponding to the different channels. In one such embodiment the wireless terminal transmits 
a signal to the base station indicating the technology and/or channel corresponding to a 
particular technology which the wireless terminal has determined will provide the desired 
quality level. In other embodiments, the wireless terminal transmits a signal to the base station 
providing quality information on at least two channels implemented using different 
technologies. The base station then selects the channel which is implemented using a 
technology which will provide the wireless terminal a desired level of performance. The base 
station selection channel selection method is particularly beneficial where multiple channels 
may provide a suitable quality level to the wireless terminal and the base station considers 
channel loading in addition to the reported channel quality information when making a channel 
selection with regard to the channel to be used to communicate with a particular wireless 
terminal. 

In some embodiments, the mobility of the mobile node is taken into consideration when 
deciding what technology to use to communicate with the mobile node. In cases where the 
mobile node is moving at a high speed, the channel is likely to be changing at a relatively high 
rate. The speed of motion by a wireless terminal is sometimes estimated based on the rate of 
fading, a measured Doppler shift, or other signals such as the rate of changes in the power level 
of a periodic signal received form a wireless terminal or the rate and/or amount of timing 
corrections made by a wireless terminal or signaled to the wireless terminal. 

When a channel changes at a high rate, the rate at which a wireless terminal feeds back 
channel condition information to a base station should also be high, e.g., so that the information 
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is not highly inaccurate by the time it is received and/or acted upon. In a wireless system, where 
conservation of communications bandwidth is often an important consideration, in the case of 
rapid movement of a wireless terminal, it may be desirable to use a communications technology 
which uses little or no channel condition feedback, e.g., to adjust the antenna transmission 
5 pattern. 



In cases where wireless terminal motion is zero or relatively slow, beam forming 
techniques which use feedback information from the wireless terminals at the base station to 
control antenna patterns may be highly desirable. 

10 

Accordingly, in some embodiments of the invention the wireless terminals estimate their 
rate of motion or the base station makes a motion determination using one or more of the above 
described techniques or various other techniques such as using Global Positioning Satellite 
(GPS) information to detect changes in position. The rate of motion is then used in some 

15 embodiments to detect the communications channel which is implemented using the 

communications technology which is best suited for the particular measured or estimated rate of 
motion. In some cases, this involves selecting a channel which uses a technology which requires 
little or no channel condition feedback information for a wireless terminal moving at a fast rate 
and selecting a communications channel which uses a faster channel condition feedback rate 

20 when the wireless terminal is moving at a slower rate. Different motion rate thresholds may be 
used in a wireless terminal to select between communications channels corresponding to 
different communications technologies so that the technology used can be best matched to the 
wireless terminals rate of motion which, in the case of a station terminal will be zero. 



25 In addition to physical issues, the type of data to be transmitted and the amount of data 

may affect the selection of a channel corresponding to a particular technology. For example, 
some technologies may be better suited to voice traffic which may require a continuous or near 
continuous connection and/or flow of data for extended period of time while other technologies 
may be better suited to short bursty data transmissions where minimal set up time may be 

30 beneficial. 



In view of the above discussion, it should be appreciated that wireless terminals capable 
of supporting multiple different communications technologies can obtain benefits by switching 
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between channels implemented using various different, and often incompatible, communications 
technologies. This allows a wireless terminal to obtain the benefit of using the best or at least a 
suitable supported technology for a particular given situation. Examples of different access 
technologies which may be supported by a wireless terminal in accordance with the invention 
5 include CDMA, OFDM, and narrowband signal carrier technologies. Access technologies 
defined in various WiFi standards and/or other communications standards may also be 
supported. 

Numerous additional benefits, embodiments and features of the present invention are 
10 described in the detailed description which follows. 

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1-3 illustrate various communications channels which may be used to 
15 communicate between a wireless terminal and a base station in accordance with the invention. 

Figure 4 is a graph illustrating the channel variations a mobile receiver may perceive 
when the base station uses a single opportunistic beam. 

20 Figure 5 is a graph 500 illustrating the channel variations perceived by a mobile receiver 

when the base station uses two opportunistic beams that are offset in phase. 

Figure 6 illustrates exemplary embodiments of using parallel pipes in CDMA and 
OFDM systems. 

25 

Figure 7 is a graph illustrating parallel pipes that may be used in an exemplary CDMA or 
OFDM system implemented in accordance with the invention. 

Figure 8 illustrates dynamically shared traffic segments. 

30 

Figure 9 is a drawing 900 illustrating the correspondence between assignment and traffic 
segments. 
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Figure 10 is a drawing illustrating acknowledgements sent in response to traffic 
segments received. 

Figure 11 shows an alternative embodiment where the technique used in a given pipe can 
5 be changed dynamically from time to time. 

Figure 12 illustrates the use of different transmit powers on different pipes. 

Figure 13 illustrates an exemplary communications system 10 implemented in 
10 accordance with the invention. 

Figure 14 illustrates an exemplary access router, e.g., base station 12, implemented in 
accordance with the invention. 

15 Figure 15 illustrates an exemplary mobile node 14 implemented in accordance with the 

present invention. 

Figure 16 is an illustration of an exemplary wireless communications system 1600, 
implemented in accordance with the present invention. 

20 

Figure 17 illustrates an exemplary base station implemented in accordance with the 
present invention. 

Figure 18 illustrates an exemplary wireless terminal implemented in accordance with the 
25 present invention. 

Figure 19 is a flowchart illustrating an exemplary communications method in accordance 
with the present invention. 

30 Figure 20 illustrates a method performed by a wireless terminal in accordance with one 

exemplary embodiment of the invention. 
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Figure 21 illustrates a method performed by a base station in accordance with one 
embodiment of the invention. 

DETAILED DESCRIPTION: 

5 

This invention discloses methods and apparatus to enhance the overall performance of a 
wireless multiuser communication system using multiple transmit antennas. The methods and 
apparatus of the present invention may be used in systems such as the ones described in U.S. 
Patent S.N. 09/691,766, filed October 18, 2000 which is hereby expressly incorporated be 

10 reference. Communications systems in which the invention may be used often typically feature 
communication to and from multiple wireless users whose channel conditions and characteristics 
can vary significantly from one user to another. The remainder of this description, for purposes 
of explaining the invention, will be presented in the context of an exemplary cellular wireless 
system. However, the invention is sufficiently fundamental that its advantages may be realized 

15 in other flavors of wireless communication systems, e.g., non-cellular systems, as well. 



This invention realizes significant benefits in the downlink (from the base station to 
mobile users) as well as the uplink (mobile users transmitting to the base station) channels of 
cellular wireless systems. The description below focuses on the downlink but it should be 
20 understood that the technique is general in nature and is applicable to the uplink as well in 
systems where a mobile, e.g., wireless terminal, has multiple transmit antennas. 



The central idea of this invention is the creation of multiple parallel 'pipes' by the 
subdivision of the available transmission resources in a system, and the realization of different 
25 transmission techniques using multiple transmit antennas in these pipes. 



In accordance with this invention, a "pipe" is most generally a partition of the available 
air link resource. The available degrees of freedom are partitioned into several pipes such that 
the receiver can measure the wireless channel quality on any of the parallel pipes independently. 
30 The partition can be done in any particular way, such as in frequency, in time, or in code, or 
some combination of these. 



In general, the construction of the pipes can be in a frequency or time division manner or 
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in a combined time/frequency manner. The embodiment in Figure 1 constructs the parallel pipes 
by partitioning the air link resource in frequency. Figure 1 is a graph 100 of frequency on 
vertical axis 102 vs time on horizontal axis 104. Figure 1 includes four downlink parallel pipes 
A 106, B 108, C 110 and D 112. Pipe A 106 includes two disjoint frequency segments 106A, 
5 106B and may represent a pipe for high mobility uses. Pipe B 108, pipe C 1 10, and pipe D 1 12 
each include a single frequency segment and may represent pipes for low mobility users. Figure 
2 shows another embodiment where parallel pipes are obtained by partitioning the air link 
resource in time. Figure 2 is a graph 200 of frequency on the vertical axis 202 vs time on the 
horizontal axis 204. Figure 2 includes includes four segments 206, 208, 210, and 212, where 

10 each segment 206, 208, 210, 212 occupies the same frequency range, but a different time slot. 
The two embodiments shown in Figure 1 and Figure 2 can be mixed to lead to another 
embodiment as shown in Figure 3, where both frequency division and time division to construct 
parallel pipes. Figure 3 is a graph 300 of frequency on the vertical axis 302 vs time on the 
horizontal axis 304. Figure 3 illustrates four physical frequency bands, a first physical 

15 frequency band 306, a second physical frequency band 308, a third physical frequency band 3 10, 
and a fourth physical frequency band 312. Figure 3 also illustrates three time slots, a first time 
slot 314, a second time slot 316, and a third time slot 318. In Figure 3, each pipe 320, 322, 324, 
326 while defined in a particular logical frequency extent occupies a different physical 
frequency band from one time slot to the next. Different types of shading are used to distinguish 

20 between different pipes in Fig. 3 with different frequency time blocks with the same shading 
corresponding to the same pipe. Pipe 320 occupies: frequency band 312 in first time slot 314, 
frequency band 308 in second time slot 316, and frequency band 306 in third time slot 318. 
Pipe 322 occupies: frequency band 310 in first time slot 314, frequency band 306 in second time 
slot 316, and frequency bands 312 and 308 in third time slot 318. Pipe 324 occupies: frequency 

25 band 308 in first time slot 314 and frequency band 310 in second time slot 316. Pipe 326 

occupies: frequency band 306 in first time slot 314, frequency band 312 in second time slot 316, 
and frequency band 310 in third time slot 318. Figure 6 illustrates exemplary embodiments of 
using parallel pipes in CDMA and OFDM systems. Figure 6 is a drawing 600 illustrating three 
pipes, pipe 1 602, pipe 2 604, and pipe 3 606 in an exemplary CDMA system. Drawing 600 

30 includes a horizontal axis 608 representing frequency. The exemplary CDMA system has a 5 
MHz bandwidth 610 in total, which is partitioned into three carriers 603, 605, 607, each 
representing a 1.25 MHz pipe, resulting in a total of 3 pipes (Pipe 1 602, pipe 2 604, pipe 3 606). 
Thus, there are three parallel pipes 602, 604, 606 in that 5 MHz CDMA system. Figure 6 also 
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includes a drawing 650 illustrating multiple pipes in an exemplary OFDM system. Drawing 650 
includes a horizontal axis 652 representing frequency. The illustrated OFDM system also has a 5 
MHz bandwidth 654 in total, which is divided into N tones where vertical arrows 656 are used 
to represent individual tones. In Figure 6, those N tones 656 are grouped into four subsets 658, 
5 660, 662, 664. Figure 650 includes three parallel pipes 666, 668, 670. First parallel pipe 666 
includes two tone subsets 658 and 664. Second parallel pipe 668 include one tone subset 660. 
Third parallel pipe 670 includes one tone subset 662. Thus, there are three parallel pipes in that 5 
MHz OFDM system. 

10 Figure 7 is a graph 700 of frequency on the vertical axis 702 vs time on the horizontal 

axis 704 illustrating parallel pipes that may be used in an exemplary CDMA or OFDM system. 
In Figure 7 the illustrated CDMA or OFDM system has a 1.25 MHz bandwidth 706 in total, 
which is shared by two parallel pipes 708, 710 in a time division manner. Different shading is 
used to indicate the components of the different pipes 708, 710 with horizontal lines being used 

15 to indicate components of one pipe and vertical lines to indicate components of the other pipe. 
Pipe 1 708 occupies the 1.25MHz BW from time to 712 to ti 714 and from time t 2 716 to t 3 718. 
Pipe 2 710 occupies the 1.25MHz BW from time t! 714 to t 2 716 and from time t 3 718 to t 4 720. 

Each of the pipes formed in this manner is associated with a specific use of the multiple 
20 transmit antennas available at the transmitter. In general, the different pipes use the available 
antennas differently. The transmission technique within a pipe may be optimized for a certain 
category of wireless channel characteristics and, in general, suits a certain category of users. A 
desirable characteristic of this partitioning is that wireless receivers should be able to monitor 
channel conditions corresponding to each pipe independently. One way this may be achieved, 
25 for example, is to transmit pilots independently in each of the pipes to facilitate channel 
estimation. 

An exemplary embodiment of the invention is described below in the context of a 
cellular wireless data communication system. The exemplary system is similar to the systems 
30 disclosed in U.S. Patent Applications 09/706,377 and 09/706,132, which are hereby 

incorporated by reference. The exemplary system includes modifications to the systems 
described in the referenced applications which cause the exemplary system to implement the 
present invention. While an exemplary wireless system is used for purposes of explaining the 
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invention, the invention is broader in scope than the example and can be applied, in general, to 
many other communication systems as well. 

In a wireless data communication system, the air link resource generally includes 
5 bandwidth, time or power. The air link resource that transports data and/or voice traffic is called 
the traffic channel. Data is communicated over the traffic channel in traffic channel segments 
(traffic segments for short). Traffic segments may serve as the basic or minimum units of the 
available traffic channel resources. Downlink traffic segments transport data traffic from the 
base station to the wireless terminals, while uplink traffic segments transport data traffic from 
10 the wireless terminals to the base station. One system to which the present invention may be 
applied is the spread spectrum OFDM (orthogonal frequency division multiplexing) multiple- 
access system disclosed in U.S. Patent Application 09/267,471. 

In the exemplary system used here to explain the invention, a traffic segment includes of 
15 a number of frequency tones over a finite time interval. Each of the parallel pipes includes traffic 
segments that can be shared dynamically among the wireless terminals that are communicating 
with a base station. A scheduling function is a module in the base station that assigns each 
uplink and downlink traffic segment to one (or more) of the mobile terminals based on a number 
of criteria. A given traffic segment can be entirely contained in one pipe or more generally it can 
20 occupy resources in more than one pipe or even each of the pipes. The transmitter and receiver 
know the structure of traffic segments in the pipes. 

The allocation of traffic segments to users is done on a segment-by-segment basis and 
different segments can be allocated to different users. Figure 8 is a drawing 800 illustrating 

25 dynamically shared traffic segments. Figure 8 includes a vertical axis 802 representing 

frequency vs a horizontal axis 804 representing time, and is used for plotting exemplary traffic 
segments. For example, in Figure 8, segment A 806, having vertical lines for shading, is 
assigned to user #1 by the base station scheduler and segment B 808, having horizontal lines for 
shading, is assigned to user #2. The base station scheduler can rapidly assign the traffic channel 

30 segments to different users according to their traffic needs and channel conditions. The 
allocation of channel segments may be time varying in general. The traffic channel is thus 
effectively shared and dynamically allocated among different users on a segment-by-segment 
basis. 
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In the exemplary system of the present invention, the assignment information of 
downlink (and uplink) traffic channel segments to users is transported in the assignment 
channel, which includes a series of assignment segments. Each traffic segment is associated with 
a unique assignment segment. An assignment segment can, and in some embodiments does, 
convey assignment information about one or more traffic segments. The assignment segment 
associated with one or more given traffic segment(s) conveys the assignment information for the 
associated traffic segment(s). The assignment information may include the identifier of the user 
terminal(s), which is assigned to utilize the associated traffic segment(s), and also the coding 
and modulation scheme to be used in the associated traffic segment(s). Figure 9 is a drawing 900 
illustrating the correspondence between assignment and traffic segments. Figure 9 includes a 
vertical axis 902 representing frequency vs a horizontal axis 904 representing time, and is used 
for plotting exemplary assignment and traffic segments. For example, Figure 9 shows two 
assignment segments, A' 906 and B' 908, which convey the assignment information 
corresponding to the associated traffic segments A 910 and B 912, respectively. The assignment 
channel is a shared channel resource. The users receive the assignment information conveyed in 
the assignment channel and then utilize the traffic channel segments according to the assignment 
information. Assignment segments could be contained in any one pipe or more generally be split 
across many or each of the pipes to provide maximum diversity. 

Data transmitted by the base station on a downlink traffic segment is decoded by a 
receiver in the intended wireless terminal while data transmitted by the assigned wireless 
terminal on the uplink segment is decoded by a receiver in the base station. Typically the 
transmitted segment includes redundant bits that help the receiver determine if the data is 
decoded correctly. This is done because the wireless channel may be unreliable and data traffic, 
to be useful, typically has high integrity requirements. 



Because of interference, noise and/or channel fading in a wireless system, the 
transmission of a traffic segment may succeed or fail. In the exemplary system of the present 
30 invention, the receiver of a traffic segment sends an acknowledgment to indicate whether the 
segment has been received correctly. The acknowledgment information corresponding to traffic 
channel segments is transported in the acknowledgment channel, which includes a series of 
acknowledgment segments. Each traffic segment is associated with a unique acknowledgment 
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segment. For a downlink traffic segment, the acknowledgment segment is in the uplink. For an 
uplink traffic segment, the acknowledgment segment is in the downlink. At the minimum, the 
acknowledgment segment conveys one-bit of information, e.g., a bit, indicating whether the 
associated traffic segment has been received correctly or not. Because of the predetermined 
5 association between uplink traffic segments and acknowledgement segments, there may be no 
need to convey other information such as the user identifier or segment index in an 
acknowledgment segment. Acknowledgement segments could be included in any one pipe or 
more generally be split across many or each of the pipes to provide maximum diversity. 

10 An acknowledgment segment is normally used by the user terminal that utilizes the 

associated traffic segment and not other user terminals. Thus, in both the links (uplink and 
downlink) the acknowledgment channel is a shared resource, as it can be used by multiple users, 
e.g., with different users using different segments at different times. While being a shared 
resource, there is no contention that results from the use of the acknowledgment channel, as 

15 there is no ambiguity in which user terminal is to use a particular acknowledgement segment. 
Figure 10 is a drawing 1000 illustrating acknowledgements sent in response to traffic segments 
received. Figure 10 includes a drawing 1002 of frequency on the vertical axis 1004 vs time on 
the horizontal axis 1006 used for illustrating downlink traffic segments. In drawing 1002, 
exemplary downlink traffic segment A 1008 and exemplary downlink traffic segment B 1010 

20 are shown. Figure 10 also includes a drawing 1052 of frequency on the vertical axis 1054 vs 
time on the horizontal axis 1056 used for illustrating acknowledgements segments of an uplink 
acknowledgement segment channel that may be used to transmit acknowledgement signals sent 
in response to received downlink traffic segment signals. Drawing 1052 of Figure 10 shows two 
uplink acknowledgment segments, A" 1058 and B" 1060, which convey the acknowledgment 

25 information of downlink traffic segments A 1008 and B 1010. 

Figure 1 illustrates a basic embodiment of the invention in the framework of the 
exemplary OFDM system described above. In this embodiment, the available bandwidth is 
divided in frequency into four parallel pipes, labeled as 'A' 106, 'B' 108, 'C 110 and 'D' 112, 
30 which can be used to serve different users simultaneously. Each of the pipes 106, 108, 1 10, 1 12 
is associated with its own two-antenna transmission technique as will be described below. 
Extension to more than two antennas is possible. 
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The spread-spectrum properties of the exemplary OFDM system are obtained by 
allowing logical tones to periodically hop in a pseudo-random manner across the available 
bandwidth. In the context of this invention, each of the parallel pipes could maintain a spread- 
spectrum property within the bandwidth in which it is defined. Tones used in all the channels 
5 defined in a particular pipe are hopped in a pseudo-random manner across the frequency 

band/bands in which the pipe is defined. More generally, the logical tones in the system could 
hop across the bandwidth resources of two or more pipes. 



In accordance with the invention, the measurement of the channel quality of each of the 
10 parallel pipes should be facilitated. In the context of the exemplary system, pilot tones can be 
used to facilitate channel quality measurements. Channel quality measurements may include 
signal-to-interference ratio (SIR) and fading characteristics. In this embodiment, each parallel 
pipe contains its own pilot tones. The densities of pilots used in each pipe can be varied to suit 
the transmission technique employed as will be discussed below. In one exemplary embodiment, 
15 the mobile receiver estimates the channel quality on the pipes. Based on the channel quality 
estimates, the receiver then determines the best pipe to receive the data traffic segments on. The 
mobile receiver then reports this pipe selection along with the channel quality estimate on the 
pipe to the base station. The structure of the channel estimate report may be different for 
different pipes depending on the transmission technique used in the pipe. 

20 

The independent channel estimation of multiple parallel pipes facilitates the pipe 
selection process. This concept allows the mobile receiver to perform pipe selection in 
cooperation with the base station transmitter. 



25 In a more general setting, a user receiver may determine that the best traffic segments for 

it to receive data are the ones that are split across two or more pipes. In this case the mobile 
receiver indicates this selection of traffic segments to the base station along with the channel 
quality estimate. Here the channel quality estimate is formed based on the channel quality 
estimates of the corresponding pipes that the segments are split across. 

30 

The base station as well as the mobile terminals may use a common control channel in 
addition to traffic data and assignment channels. The control channel may be used to 
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communicate power control and/or other control information. The control channel resources 
could be entirely included in one pipe or, more generally, be split into two or more pipes. 

In the example illustration in Figure 1, pipe A 106 is formed from two non-contiguous 
5 bands 106A and 106 B while pipes B 108, C 1 10 and D 1 12 are each formed from resources in a 
contiguous band of spectrum. The idea behind having many pipes is to use the two available 
base station transmit antennas differently in each pipe so that different pipes likely have different 
channel quality for different user terminals. In Figure 1, pipes 'B' 108, 'C 110 and 'D' 112 are 
optimized for transmission to user terminals whose channel is varying relatively slowly 

10 compared with the frequency of channel quality feedback and thus the channel quality can be 
tracked reliably at the base station, e.g., low mobility or stationary users. In this scenario, the 
technique of switched opportunistic beamforming is complemented with intelligent scheduling 
that exploits multi-user diversity is a natural application. Opportunistic beamforming as 
described in U.S. Provisional Patent Application S.N. 09/691,766 which is hereby incorporated 

15 by reference, is a technique that is used to exploit multiuser diversity in scenarios where mobile 
users experience quasi-static or slowly varying channels. In this technique, the base station 
transmitter uses multiple transmit antennas to deliberately create channel fluctuations which can 
be exploited by an opportunistic scheduler to increase system capacity. In switched opportunistic 
beamforming, the base station transmitter has the additional advantage of being able to create 

20 independent opportunistic beams in multiple parallel pipes. The mobile receivers can track the 
variations of the wireless channel over all the pipes and report a preferred pipe back to the base 
station along with the channel quality on that pipe. The induced channel variations can be 
coordinated between the parallel pipes in such a manner that it is very likely that at least one of 
the pipes is substantially better than the others. This technique can realize the available transmit 

25 diversity gain offered by two transmit antennas along with any available frequency diversity 

gain plus beamforming gain. In a cellular deployment where different base stations use the same 
(or similar) pipe structure, a user terminal is likely to select a pipe which has a good channel to 
the desired base station and a not so good channel to the interfering base station. The resulting 
additional gain is termed as opportunistic cell coordination gain. In the remaining part of this 

30 description, the pipes denoted 'B' 108, C 110 and 'D' 112 will be referred to as 'opportunistic 
beamforming pipes' and it is assumed that they can use the switched opportunistic beamforming 
technique described in U.S. Provisional Patent Application S.N. 09/691,766 which is hereby 
incorporated by reference including each of the generalizations of the technique.. 
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The concept of switched opportunistic beamforrning may be motivated using an example 
using two transmit antennas. Figure 4 is a graph 400 illustrates the channel variations perceived 
by a mobile receiver when the base station uses a single opportunistic beam. Graph 400 includes 
5 a vertical axis 402 representing received SNR, a horizontal axis 404 representing time in slots, 
and a plot 406 of SNR experienced by a receiver with a single opportunistic beam. Figure 5 is a 
graph 500 illustrating the channel variations perceived by a mobile receiver when the base 
station uses two opportunistic beams that are offset in phase. In Figure 5, the base station 
produces two opportunistic beams on different pipes that are offset in phase from each other. 

10 Graph 500 includes a vertical axis 502 representing received SNR, a horizontal axis 504 

representing time in slots, a plot 506 of SNR experienced by a receiver with respect to beam 1, 
and a plot 508 of SNR experienced by a receiver with respect to beam 2. The receiver sees the 
channel quality varying over time on any particular pipe and, in general, perceives high channel 
quality on one of the pipes (and corresponding beams) when another pipe (and corresponding 

15 beam) offer low channel quality, as illustrated in Figure 4 and Figure 5. It is easy to see that 
using two beams can effectively reduce the latency at the receiver in waiting for a time instant 
when the channel quality is high and the receiver can select between the beams depending on 
their channel qualities. The receiver is in a position to select the strongest among these beams 
and report the pipe associated with the selected beam (and the corresponding channel quality) to 

20 the transmitter, such that the transmitter can send traffic to the receiver with the pipe of the best 
channel quality. 

In the context of this invention, assume that the base station transmitter uses two 
antennas in each of pipes 'B' 108, 'C' 110 and 'D' 112 for the purpose of creating opportunistic 

25 beams. Consider a mobile receiver and denote the time-varying channel responses from the two 
transmit antennas to that receiver as h a (t) and h p {t) respectively. For clarity of description, it is 
assumed that the channel response from either antenna to the receiver is constant across 
frequency, and hence constant across the multiple pipes. However, this assumption does not 
diminish or constrain the invention in any way. Let {a x (t), a 2 (t), a 3 (t) } and (t), jB 2 (t),j5 3 (t) } 

30 be time-varying coefficients used to modulate the signals on the first and second antenna 

respectively in the pipes 'B' 108, C 110 and 'D' 112. If the signals to be transmitted over the 
opportunistic beamforming pipes are denoted by 
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S(t)={S B (t),S c (t),S D (t)}, 

then the actual physical signals that are transmitted over the pipes from the two antennas can be 
represented by 

5 

S™(t) = {a, (t)S B (t),a 2 (t)S c (r), a 3 (t)S c (*)} 

Therefore, the signals received by the receiver in the opportunistic beamforming pipes 
10 are given by 

R B (t) = S B (t)[h a (Oar, (0 + h p (OA (0] 
R c (0 = S c (t)[h a (t)a 2 (0 + h p (t)j8 2 (*)] 
R D it) = S D (t)[h a (t)a 3 (t) + h fi (t)/3 3 (t)] 

15 

Hence, when the invention is applied to the system with two transmit antennas and 
multiple parallel pipes, the composite channel response in k-th parallel pipe from the transmitter 
to the receiver is effectively given by a k (t)h a (t) + j8 k {t)h fi (?) . 



20 With a suitable choice of the values of the coefficients {a k (0}and {jB k (?)} at the 

transmitter, at least one of the opportunistic beamforming pipes will likely have higher 
composite channel quality than the composite channel responses of the other pipes. The choice 
of the coefficients {a k (t),j3 k (t)} is quite flexible. In one embodiment, {a k (t)} is set to a 
constant, {/3 k (?)} is set to be a constant-amplitude complex number with phase being rotated 

25 with time: 

a k (t) = l 
j3 k (t) = exvU2?tf r J + v k ) 

where the phase offsets {v k } are uniformly distributed in [0,2jt:] . In this example, since there are 
30 pipes employing opportunistic beamforming, the phase offsets may be chosen as 
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v x = 0, v 2 = — , v 3 = — . This particular embodiment results in three opportunistic beams that 

each rotates with frequency f mt . In general, these phase offsets need not be uniformly distributed 
as described above. The offset between the beams may even be changed at a slow rate in order 
to optimize the system for a particular spatial distribution of users. 

5 

In the more general case j3 k could also be a function of frequency, in 
particular/^ (t,f)-exp(j27if rol t + ]27ct4 + v k ), where A represents delay in one antenna's 
signal over the other. This generalization also covers the case where the signal transmitted from 
one of the antennas on pipes B 108, C 110 and D 112 is simply a delayed version of the signal 

10 transmitted on the other antenna. This delay results in a frequency selective fading of the 

channel at the receiver. In other words, some part of the band covering pipes B 108, C 1 10 and 
D 1 12 has destructive interference at the receiver from the two signals and other part of the band 
may have constructive interference. Consequently a pipe included in the part of the band where 
the signals from the two antennas add constructively has better channel quality than other pipes 

15 where the signal adds destructively. By selecting the best pipe in this case the user terminal can 
realize beamforming gain. 

In another embodiment, each of the pipes may effectively be transmitted on a subset of 
the available antennas. For example, in the case where there are two transmit antennas, each pipe 
20 may be transmitted using one of the antennas. This may be achieved by setting the magnitudes 
of (a k ,j3 k )to be close to (1,0) or (0,1). The mobile terminals may perceive higher channel 
quality with respect to either of the antennas and thus select an appropriate pipe and report this 
selection to the base station. Further, this choice of pipe can vary dynamically with time as the 
channels with respect to the transmit antennas change. 

25 

The idea of the switched opportunistic beamforming paradigm is that the transmitter 
sends multiple offset beams on different pipes, the receiver independently measures the channel 
qualities of the parallel pipes and reports to the transmitter the best pipe and measurement results 
on that pipe. The transmitter sends traffic to the receiver on that pipe. To benefit from switched 
30 opportunistic beamforming, the receiver does not need to estimate h a (t) and h p (t) explicitly, 
but is only required to measure the aggregate SNR on the pipes. 
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Having the choice of pipes B 108, C 110 and D 112 helps those users whose channel 
quality can be tracked at the transmitter. For users that move fast the channel quality cannot 
always be tracked at the base station transmitter because of delay in the feedback. These users 
5 may not benefit from the switched opportunistic beamforming scheme described above. In this 
situation, diversity techniques that serve to increase diversity gain by averaging across multiple, 
independent fading processes are suitable. Many such techniques typically only require that the 
channel be estimated and tracked at the receiver and no feedback to the transmitter is needed. 

10 Pipe A 106 in Figure 1 can be optimized to serve this category of users. One space-time 

code that can be used in pipe A 106 to provide transmit diversity gain in accordance with the 
invention is the Alamouti scheme described in S.M. Alamouti, "A simple transmitter diversity 
scheme for wireless communications," IEEE Journal on Selected Areas, in Communication, vol. 
16, pp.1451-1458, Oct. 1998. In this technique, two transmit antennas are employed in the 

15 following manner. Assume that the pipe denoted 'A' 106 has two transmit antennas. Let the 
signal that is communicated over the pipe be denoted by S(t) where t is assumed to be a 
discrete time instant. In the Alamouti scheme, two consecutive symbols are blocked off and 
transmitted over two time instants using the two antennas. Let Zj (f) and X 2 (t) represent the 
output signals from the two antennas respectively, which may be expressed as 



Suppose that the time- varying channel responses from the two antennas to the mobile 
receiver are denoted by \ (t) and h 2 (t) respectively (for simplicity we assume a flat channel but 
25 more general case where the channel is frequency dependent can also be handled easily). If the 
channel coefficients are assumed to remain constant over two symbols, which is a mild 
assumption, the composite signal received by the mobile receiver can be represented by 



20 



[x 2 (t) x 2 (t+i)\ [ S (t+D s*(t) 



30 



7(0 = ^,(0+^(0+^(0 

Y(t + 1) = fy*! (t + l) + h 2 X 2 (* + !) + W(t + 1) 
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which may be rewritten in terms of the original signal 5(0 as 




[" (t) + h 2 S(t + l) + W(t) 
[- (? + !) + h 2 S*(t) + W(t + 1) 



5 or alternatively, 




\\ h T S(t) 1 I" W(t) 1 
1*2* ~K lS(t + l)\ [W*(t + 1)\ 



If the channel responses from the two antennas are known, it is straightforward to invert 
10 the transmitter code construction and extract the transmitted signal by the following 
transformation: 



15 which results in second-order diversity over a fading channel. 

In addition to the transmit diversity technique employed, frequency diversity can help to 
combat frequency-selective fading. For this reason, the pipe denoted 'A' 106 is located in such a 
manner that it is defined over two parts 106A, 106B that are separated in frequency. The 
20 transmitted data is coded jointly over the two parts 106A, 106B that comprise pipe 'A' 106. 
With the Alamouti scheme employed using two transmit antennas at the base station and data 
coded across two pipe parts separated in frequency by more than the coherence bandwidth of the 
wireless channel, the mobile receiver can see fourth order diversity which sufficiently 
compensates for the rapidly fading channel. 



In order that the channel response from each of the transmit antennas be estimated at the 
mobile receiver, pipe 'A' 106 allows for two sets of pilot tones. One set is transmitted only from 
the first antenna while the second set is transmitted from the second antenna. 




+ noise 



25 
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In the basic embodiment, each mobile receiver monitors its own channel characteristics 
in the different pipes and makes a selection. The user terminal reports this selection back to the 
base station along with proper channel condition feedback. For example, if the user determines 
that it is of low mobility, it may select the best of the opportunistic beamforming pipes B 108, C 
5 1 10 or D 1 12 and report the aggregate SNR received on the preferred pipe. If the user is in a 
high mobility situation and experiences rapid fading, it indicates a choice of pipe A 106 which 
employs the Alamouti technique to the base station along with the channel quality on pipe A 
106. The base station scheduler may choose to allocate a traffic segment to this user over the 
selected pipe, in which case the user is notified through the assignment channel. 

10 

The techniques illustrated in this basic embodiment are only representative of the 
potential of this invention. To reiterate, the invention allows for the creation of different pipes 
and the employment of different multiple antenna transmit techniques within those pipes in 
conjunction with receiver selection diversity. 

15 

There can be a number ways of generalizing the above basic embodiment. Some of the 
generalization schemes are discussed below. 

In one scheme, the transmit techniques that are used in individual pipes are dynamically 
20 changed. In the embodiment of Figure 1, the choice of techniques in individual pipes is fixed 
and is known by the users served by the base station. Figure 1 1 shows an alternative 
embodiment where the technique used in a given pipe can be changed dynamically from time to 
time. Figure 11 is a drawing 1100 of frequency on the vertical axis 1102 vs time on the 
horizontal axis 1 104. Available bandwidth is subdivided into physical frequency bands, A 1106, 
25 B 1108, C 1110, D 1112, andE 1114. The time domain is subdivided in slots, slot 1 1116,slot2 
1118. During time slot 1 1116, each frequency band A 1 106, E 1 1 14 represents a pipe for a high 
mobility user 1 120, while each frequency band B 1 108, C 1 1 10, and D 1 1 12 represents a pipe 
for a low mobility user 1 122. During time slot 2 1118, each frequency band A 1 106, D 1 1 12, E 
1114 represents a pipe for a high mobility user 1120, while each frequency band B 1108, C 1110 
30 represents a pipe for a low mobility user 1 122. In that embodiment, the base station may 

broadcast the choice of the technique periodically. The two embodiments shown in Figure 1 and 
Figure 11 can be mixed to lead to another embodiment where some pipes use fixed techniques 
while others use techniques that can dynamically vary. 
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In another generalization scheme, the decision of which pipe to use for a given user can 
also be made at the base station. Li this case instead of reporting the decision, the user may just 
report the preference of which pipe to use, and it is up to the base station to determine which 
pipe to actually serve the user. The user terminal may actually even report a subset of preferred 
pipes and the associated channel condition reports. One advantage of this embodiment is that the 
base station has the freedom to schedule on any of the pipes and therefore can better balance the 
loads among the pipes. The disadvantage may be the need to feedback more information. 

In general, wireless terminals can employ a variety of mechanisms and formats to feed 
back their channel condition and characteristics. In one embodiment each terminal can report a 
list of preferred pipes when it connects with the base station. Later, the wireless terminal updates 
the base station when its preferred pipes change. Such updates can occur in an asynchronous 
manner. In an alternative embodiment, each terminal can periodically report to the base station a 
list of preferred pipes. In addition to the choice of the preferred pipe, the terminal also reports 
the channel quality estimate on the pipe (such as SNR) to the base station. The frequency of 
reporting the channel condition can be different from, and preferably faster than, that of 
reporting the preferred pipes. Moreover, the format of the channel condition reports can be 
different depending on the preferred pipes. 

The advantages of this invention can be realized in multiuser systems that encompass a 
wide variety of devices. Wireless terminals that feature multiple antennas are in a position to 
realize MTMO channels in cooperation with the multiple transmit antennas at the base station, 
especially if they experience a rich multipath structure in the wireless channels. If these devices 
are in a position to track the channel matrix of the channel response coefficients associated with 
each of the transmit and receive antennas, a rich family of space-time codes can be used for data 
transmission. One or more of the pipes in the system can be dedicated to provide service to such 
devices, which would indicate their capabilities and choice of pipe to the base station through a 
control channel. As an extension of this concept, one pipe can be dedicated to transmit space- 
time codes that maximize spatial multiplexing gain for mobiles whose channel conditions 
support it. Another pipe can be dedicated for space-time codes where the degrees of freedom are 
used to provide diversity instead of high data rates for mobiles that may require it. Naturally, the 
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mobiles may prefer not to select a MEMO-optimized pipe if their wireless channels are 
unsuitable. 

The invention is described in this document with a set of transmit techniques used in an 
5 illustrative manner. The invention applies equally well to other multiple-antenna transmit 
techniques which may be used in independent pipes as described in this document. 

Thus far, the total power available on each pipe has not been considered. Different 
embodiments of this invention could choose the total transmit power in different ways. One 

10 straightforward choice would result in the total transmit power per degree of freedom being the 
same in each of the parallel pipes. Alternatively, the transmit powers can be different on 
different pipes as illustrated in Figure 12. This illustration is an embodiment of this invention 
where two adjoining base stations choose the transmit powers in such a manner that the cell 
boundaries are likely to different for different pipes. Figure 12 includes a graph 1200 

15 corresponding to base station 1 and a graph 1250 corresponding to base station 2. Graph 1200 
includes a vertical axis 1202 representing frequency and a horizontal axis 1204 representing 
base station 1 transmit power level. Block 1206 represents the base station 1 transmit power for 
pipe A; block 1208 represents base station 1 transmit power for pipe B; block 1210 represents 
base station 1 transmit power for pipe C. Graph 1250 includes a vertical axis 1252 representing 

20 frequency and a horizontal axis 1254 representing base station 2 transmit power level. Block 
1256 represents the base station 2 transmit power for pipe A; block 1258 represents base station 
2 transmit power for pipe B; block 1260 represents base station 2 transmit power for pipe C. 
With regard to A pipes, block 1206 represents a high power level, while block 1256 represents 
an intermediate power level. With regard to B pipes, block 1208 represents an intermediate 

25 power level, while block 1258 represents a low power level. With regard to pipe C, block 1210 
represents a low power level, while block 1260 represents a high power level. Thus, a wireless 
terminal is likely to not be at a cell boundary on each of the pipes simultaneously. This improves 
the capacity of the system. This power allocation is not necessarily static either. The total 
transmit power can be varied at a slow rate for each of the parallel pipes. Power allocation also 

30 becomes important when a traffic segment is transmitted across multiple pipes. The base station 
can allocate power differently across the pipes in accordance with the respective channel 
conditions on the pipes with respect to the wireless terminal receiving the segment. 
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Figure 13 illustrates an exemplary communications system 10 implemented in 
accordance with the invention. In the system 10, multiple mobile terminals, shown as mobile 
nodes MN 1 (14) through MN N (16) communicate with the base station 12 through the use of 
communication signals 13, 15. Each mobile terminal may correspond to a different mobile user 
5 and are therefore sometimes referred to as user terminals. The signals 13, 15 may be, e.g., 

OFDM signals. The signals 13, 15 may be transmitted using one or more pipes between an MN 
and the base station 12. The base station 12 and mobile stations 14, 15 each implement the 
method of the present invention. Thus, signals 13,15 include various signals of the types 
discussed above, which are transmitted in accordance with the invention. 

10 

Fig. 14 illustrates an exemplary access router, e.g., base station 12, implemented in 
accordance with the invention. The base station 12 includes antennas 1403, 1405, 1407 and 
receiver transmitter circuitry 1402, 1404. Multiple, e.g., two or more, transmit antennas 1405, 
1407 are used to facilitate beam forming and multiple transmit pipes with different 

15 characteristics, to each pipe. The receiver circuitry 1402 includes a decoder 1433 while the 
transmitter circuitry 1404 includes an encoder 1435. The circuitry 1402, 1404 is coupled by a 
bus 1430 to an I/O interface 1408, processor (e.g., CPU) 1406 and memory 1410. The I/O 
interface 1408 couples the base station 12 to the Internet and to other network nodes. The 
memory 1410 includes routines, which when executed by the processor 1406, cause the base 

20 station 12 to operate in accordance with the invention. Memory includes communications 
routines 1423 used for controlling the base station 12 to perform various communications 
operations and implement various communications protocols. The memory 1410 also includes a 
base station control routine 1425 used to control the base station 12 to implement the steps of the 
method of the present invention described above in the sections which discuss, e.g., a base 

25 station or an access router, operation and signaling. The base station control routine 1425 
includes a scheduling module 1426 used to control transmission scheduling and/or 
communication resource allocation. Transmission scheduling is based in various embodiments, 
on information about channel characteristics on different pipes received from one or more 
mobile nodes. Thus, module 1426 may serve as a scheduler. Memory 1410 also includes 

30 information used by communications routines 1423, and control routine 1425. The information 
1412 includes an entry for each active mobile station user 1413, 1413' which lists the active 
sessions being conducted by the user and includes information identifying the mobile station 
(MT) being used by a user to conduct the sessions. 
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Figure 15 illustrates an exemplary mobile node 14 implemented in accordance with the 
present invention. The mobile node 14 may be used as a mobile terminal (MT). The mobile 
node 14 includes receiver and transmitter antennas 1503, 1505, 1507 which are coupled to 
5 receiver and transmitter circuitry 1502, 1504 respectively. Multiple transmitter antennas 1505, 
1507 are used to support beamforming and multiple transmit pipes to a BS with different 
characteristics. The receiver circuitry 1502 includes a decoder 1533 while the transmitter 
circuitry 1504 includes an encoder 1535. The receiver transmitter circuits 1502, 1504 are 
coupled by a bus 1509 to a memory 1510. Processor 1506, under control of one or more 

10 routines stored in memory 1510 causes the mobile node to operate in accordance with the 

methods of the present invention as described above. In order to control mobile node operation 
memory includes communications routine 1523, and mobile node control routine 1525. The 
mobile node control routine 1525 is responsible for insuring that the mobile node operates in 
accordance with the methods of the present invention and performs the steps described above in 

15 regard to mobile node operations. The memory 1510 also includes user/device/session 

/resource information 1512 which may be accessed and used to implement the methods of the 
present invention and/or data structures used to implement the invention. 



Figure 16 is an illustration of an exemplary wireless communications system 1600, 
20 implemented in accordance with the present invention. Exemplary wireless communications 
system 1600 includes a plurality of base stations (BSs): base station 1 1602, base station M 
1614. Cell 1 1604 is the wireless coverage area for base station 1 1602. BS 1 1602 
communicates with a plurality of wireless terminals (WTs): WT(1) 1606, WT(N) 1608 located 
within cell 1 1604. WT(1) 1606, WT(N) 1608 are coupled to BS 1 1602 via wireless links 1610, 
25 1612, respectively. Similarly, Cell M 1616 is the wireless coverage area for base station M 
1614. BS M 1614 communicates with a plurality of wireless terminals (WTs): WT(l') 1618, 
WT(N') 1620 located within cell M 1616. WT(1') 1618, WT(N') 1620 are coupled to BS M 
1614 via wireless links 1622, 1624, respectively. WTs (1606, 1608, 1618, 1620) may be mobile 
and/or stationary wireless communication devices. Mobile WTs, sometimes referred to as 
30 mobile nodes (MNs), may move throughout the system 1600 and may communicate with the 
base station corresponding to the cell in which they are located. Region 1634 is a boundary 
region between cell 1 1604 and cell M 1616. 



WO 2004/095851 PCT/US2004/0 12539 

-27- 

Network node 1626 is coupled to BS 1 1602 and BS M 1614 via network links 1628, 
1630, respectively. Network node 1626 is also coupled to other network nodes / Internet via 
network link 1632. Network links 1628, 1630, 1632 may be, e.g., fiber optic links. Network 
node 1626, e.g., a router node, provides connectivity for WTs, e.g., WT(1) 1606 to other nodes, 
5 e.g., other base stations, AAA server nodes, home agent nodes, communication peers, e.g., 
WT(N'), 1620, etc., located outside its currently located cell, e.g., cell 1 1604. 

Figure 17 illustrates an exemplary base station 1700, implemented in accordance with 
the present invention. Exemplary BS 1700 may be a more detailed representation of any of the 

10 BSs, BS 1 1602, BS M 1614 of Figure 16. BS 1700 includes a receiver 1702, a transmitter 1704, 
a processor, e.g., CPU, 1706, an I/O interface 1708, I/O devices 1710, and a memory 1712 
coupled together via a bus 1714 over which the various elements may interchange data and 
information. In addition, the base station 1700 includes a receiver antenna 1 1715 which is 
coupled to the receiver 1702. In some embodiments, e.g., a MEVIO embodiment, base station 

15 1700 includes additional receiver antenna(s), receiver antenna n 1717 coupled to receiver 1702. 
The base station 1700, as shown in Figure 3, also includes multiple transmitter antennas, 
(antenna 1 1718, antenna n 1722) coupled to transmitter 1704. Transmitter antennas 1718, 1722 
are used for transmitting information, e.g., downlink traffic channel information, independent 
pilot signals on each pipe, and/or assignment information from BS 1700 to WTs 1800 (see 

20 Figure 18) while receiver antenna(s) 1715, 1717 is used for receiving information, e.g., channel 
condition feedback information, pipe selection information, and/or pipe control information, as 
well as data, from WTs 1800. 

The memory 1712 includes routines 1724 and data/information 1726. The processor 
25 1706 executes the routines 1724 and uses the data/information 1726 stored in memory 1712 to 
control the overall operation of the base station 1700 and implement the methods of the present 
invention. I/O devices 1710, e.g., displays, printers, keyboards, etc., display system information 
to a base station administrator and receive control and/or management input from the 
administrator. I/O interface 1708 couples the base station 1700 to a computer network, other 
30 network nodes, other base stations 1700, and/or the Internet. Thus, via I/O interface 1708 base 
stations 1700 may exchange customer information and other data as well as synchronize the 
transmission of signals to WTs 1700 if desired. In addition I/O interface 1708 provides a high 
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speed connection to the Internet allowing WT 1800 users to receive and/or transmit information 
over the Internet via the base station 1700. 

Receiver 1702 includes a decoder 1703. Receiver 1702 uses decoder 1703 to processes 
5 signals received via receiver antenna(s) 1715, 1717 and extracts from the received signals the 
information content included therein. The extracted information, e.g., data, channel condition 
feedback information for each pipe, pipe selection, and/or pipe control information, is 
communicated to the processor 1706 and stored in memory 1712 via bus 1714. 

10 Transmitter 1704 includes an encoder 1705 which encodes data/information, e.g., blocks 

of downlink traffic channel data/information, prior to transmission. Transmitter 1704 transmits 
information, e.g., data, assignment information, and/or pilot signals on each pipe to WTs 1800 
via multiple antennas, e.g., antennas 1718, 1722. Transmitter 1704 includes a plurality of 
phase/amplitude control modules, phase/amplitude control module 1 1716, phase/amplitude 

15 control module n 1720. In the illustrated example of Figure 17, a separate phase/amplitude 
control module, (1716, 1720) is associated with each of the transmit antennas (1718, 1722), 
respectively. The antennas 1718, 1722 at the BS 1700 are spaced far enough apart so that the 
signals from the antennas 1718, 1722 go through statistically independent paths, and thus the 
channels the signals go through are independent of each other. The distance between antennas 

20 1718, 1722 is a function of the angle spread of the WTs 1800, the frequency of transmission, 
scattering environment, etc. In general, half a wavelength separation between antennas, based 
on the transmission frequency, is usually the sufficient minimum separation distance between 
antennas, in accordance with the invention. Accordingly, in various embodiments, antennas 
1718, 1722 are separated by one half a wavelength or more, where a wavelength is determined 

25 by the carrier frequency f k of the signal being transmitted. 

The phase and amplitude control modules 1716, 1720 perform signal modulation and 
control the phase and/or amplitude of the signal to be transmitted under control of the processor 
1706. Phase/amplitude control modules 1716, 1720 introduce amplitude and/or phase variations 
30 into at least one of a plurality, e.g., two, signals being transmitted to a WT 1800 to thereby 

create a variation, e.g., an amplitude variation over time, in the composite signal received by the 
WT 1800 to which information is transmitted from multiple antennas 1718, 1722. The control 
modules 1716, 1720 are also capable of varying the data transmission rate, under control of the 
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processor 1706, as a function of channel conditions and/or channel selection in accordance with 
the present invention. In some embodiments, phase/amplitude control modules 1716, 1720 
change phase and/or amplitude by changing coefficients. 

5 As mentioned above, the processor 1706 controls the operation of the base station 1700 

under direction of routines 1724 stored in memory 1712. Routines 1724 include 
communications routines 1728, and base station control routines 1730. The base station control 
routines 1730 include a transmit scheduler module 1732, a pilot signals generation and 
transmission module 1734, a WT channel pipe selection/channel quality report processing 
10 module 1736, a switched opportunistic beamforming module 1738, a Alamouti control module 
1740, a pipe power allocation module 1742, and a pipe control modification module 1744. 



Data/Information 1726 includes segment data/information 1746, a plurality of wireless 
terminal (WT) data/information 1748, and pipe information 1752. WT data/information 1748 
15 includes WT 1 information 1749 and WT N information 1750. Each WT information set, e.g., 
WT 1 information 1749 includes data 1758, terminal ID information 1760, high/low mobility 
user classification information 1762, pipe selection/channel condition information 1764, pipe 
control information from WT 1766, assigned pipe information 1768, and assigned segment 
information 1770. 

20 

Segment data/information 1746 includes data, e.g., user data, intended to be transmitted 
on downlink traffic segments to WTs 1800, located within the cell of BS 1700, and user data 
received on uplink traffic segments from WTs 1800. Data 1758 includes user data associated 
with WT 1, e.g., data received from WT 1 intended to be forwarded to a communication peer, 

25 e.g., WT N, and data receiver from a peer of WT 1, e.g., WT N, intended to be forwarded to WT 
1. Terminal ID information 1760 includes a current base station assigned identity for WT 1. 
High/low mobility user classification information 1762 includes a classification of WT 1 as a 
high or low mobility user. In some embodiments, pipes, e.g., communication channels and/or 
segments may be divided and assigned by categories corresponding to a user's mobility 

30 classification. Pipe selection/channel condition information 1764 includes information from a 
WT feedback report indicating the WT's selected pipe(s), e.g., communication channel(s), and 
corresponding channel quality information, e.g., SNR, SIR, fading information, etc. Pipe control 
information from WT 1766 includes information from the WT 1800 instructing the BS 1700 to 
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alter the selected pipe based on WT preferences. Assigned pipe information 1768 includes 
information identifying the specific pipe from a plurality of pipes which BS 1700 has assigned 
to WT 1800, e.g., for downlink traffic. Assigned pipe information 1768 also includes 
characteristics of the pipe, e.g., bandwidth, tones, data rate, modulation scheme, and/or any 
5 unique characteristic of the pipe incorporated due to the pipe control information communicated 
by the WT. Assigned segment information 1770 includes information identifying the segments 
assigned to the WT, e.g., the segments in the assigned pipe. In some embodiments, the WT shall 
request and be assigned specific segments, e.g., for downlink traffic channel information. 



10 Pipe information 1752 includes a plurality of pipe information, pipe 1 information 1754, 

pipe N information 1756. Each pipe information set, e.g., pipe 1 information 1754 includes 
transmission technique information 1772, tone information 1774, pilot information 1776, and 
antenna information 1778. Transmission technique information includes information pertaining 
to the type of transmission technique(s) and/or technology selected for the pipe, e.g., OFDM, 

15 CDMA, an opportunistic beamforming technique, an Alamouti technique, etc. Tone information 
1774 includes the bandwidth and/or set of tones allocated to the pipe as well as any tone hopping 
information relevant to the pipe. Pilot information 1776 includes information defining pilot 
signals to be generated for the pipe. By having independent pilot signals transmitted for each 
pipe, the WT can measure and estimate the channel quality for each pipe. Antenna information 

20 1778 includes information indicating which corresponding antennas 1718, 1722 should be used 
for which signals components transmitted for the pipe. 

Communications routines 1728 control the transmission and reception of data by 
transmitter 1704 and receiver 1702, respectively. Communications routines 1728 also 
25 implement various communications protocols used by BS 1700. Communications routines 1728 
are also responsible for controlling the display and/or audio presentation of received information 
via I/O devices 1710. 



Base station control routines 1730 control the operation of the base station 1700 and 
30 implement the methods of the present invention. Scheduler module 1732 schedules users, e.g., 
WTs to segments, e.g., downlink traffic segments, on assigned pipes, e.g., in response to 
selected pipe requests from the WTs. Pilot signals generation and transmission module 1734 
generates and transmits pilot signals for each of the potential downlink pipes which may be 
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assigned, thus allowing WTs to measure and evaluate independent channel estimates for each 
potential pipe. WT channel pipe selection/channel quality report processing module 1736 
receives WT feedback reports including the WTs selected (preferred) pipe and associated 
channel quality report information, e.g., SNR, SIR, fading information. In some embodiments, 
5 the BS 1700 may receive information on a list of pipes that are acceptable to the WT. In some 
embodiments, the WTs may indicate specific requested segments for transmission. Module 
1736 processes the received feedback information and makes decisions regarding pipe 
assignment between the various WTs requesting resources. The assignment decisions may be 
conveyed to the WTs in assignments segments. The switched opportunistic beamforming 

10 module 1738 is used in controlling the transmitter to perform opportunistic beamforming in 
designated pipes. Alamouti control module 1740 is used to control the transmitter perform 
Alamouti diversity techniques on designated pipes. Pipe power allocation routine 1742 is used 
to control the power levels assigned to each pipe. Pipe control modification module 1744 uses 
pipe control information from WT 1766, to alter pipes for specific wireless terminals, e.g., to 

15 customize a pipe based on the WT preferences communicated in information 1766. 

Figure 18 illustrates an exemplary wireless terminal 1800, implemented in accordance 
with the present invention. Exemplary wireless terminal 1800 may be a more detailed 
representation of any of the WTs 1606, 1608, 1618, 1620 of exemplary system wireless 

20 communication system 1600 of Figure 16. WT 1800 includes a receiver 1802, a transmitter 
1804, I/O devices 1806, a processor, e.g., a CPU, 1808, and a memory 1810 coupled together 
via bus 1812 over which the various elements may interchange data and information. Receiver 
1802 is coupled to antenna 1814. In some embodiments, e.g., MEMO embodiments, the receiver 
is coupled to additional antenna(s), antenna N 1815. Transmitter 1804 is coupled to antenna 

25 1816. In some embodiments, e.g., using multiple uplink parallel pipes, multiple additional 

antenna(s), antenna N 1817, may be coupled to transmitter 1804. In some embodiments, a single 
antenna may be used in place of the two individual antennas 1814 and 1816. 

Receiver 1802 includes a decoder 1803. Downlink signals transmitted from BS 1700 are 
30 received through antenna 1814 and/or 1815 and processed by receiver 1802 including decoding 
by decoder 1803 and recovery of user data. Transmitter 1804 includes an encoder 1805, which 
encodes user information prior to transmission. Transmitter 1804 transmits uplink signals 
through antenna 1816 and/or 1817 to BS 1700. Uplink signals include uplink traffic channel 
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data/information, a selected downlink pipe, downlink pipe feedback channel estimation 
information for the associated selected pipe and/or for alternate pipes, and/or control information 
including instructions to the BS 1700 to alter the selected pipe or to form a pipe, e.g., through 
reallocation of resources, based on WT preferences, in accordance with the invention. I/O 
5 devices 1806 include user interface devices such as, e.g., microphones, speakers, video cameras, 
video displays, keyboard, printers, data terminal displays, etc. I/O devices 1806 may be used to 
interface with the operator of WT 1800, e.g., to allow the operator to enter user data, voice, 
and/or video directed to a peer node and allow the operator to view user data, voice, and/or 
video communicated from a peer node, e.g., another WT 1800. 

10 

Memory 1810 includes routines 1818 and data/information 1820. Processor 1806 
executes the routines 1818 and uses the data/information 1820 in memory 1810 to control the 
basic operation of the WT 1800 and to implement the methods of the present invention. 
Routines 1818 include communications routine 1822 and WT control routines 1824. WT control 
15 routines 1824 include a channel condition measurement module 1826, a pipe selection module 
1828, a pipe selection/segment selection/ channel condition reporting module 1830, and a pipe 
control information selection and reporting module 1832. 

Data/Information 1820 includes segment data/information 1834, base station information 
20 1836, and user information 1838. Segment data/information 1 834 includes user data, e.g., 
data/information to be transmitted to BS 1700 intended for a peer node in a communication 
session with WT 1800, downlink channel feedback information on the pipes, a selected 
downlink pipe(s), and/or selected pipe control information. 

25 Base station information 1836 includes a plurality of sets of information, base station 1 

information 1840, base station N information 1842. Base station information 1836 includes 
information specific to each base station, e.g., slope values that may be used in hopping 
sequences, carrier frequencies used by different base stations, modulation methods used by 
different base stations, beamforming variations that are base station dependent, division of 

30 available air link resources into pipes, e.g., channels, technologies used by different pipes. BS 1 
info 1840 includes base station identification information 1844, and a plurality of base station 
pipe information sets, pipe 1 information 1846, pipe N information 1848. Pipe 1 information 
1846 includes transmission technique information 1850, tone information 1852, pilot 
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information 1854, and antenna information 1856. Base station ID information, e.g., a value of 
slope in an tone hopping sequence assigned to a particular BS 1700 in an OFDM system, allows 
the WT 1800 to identify the particular BS 1700 to which it is communicating. Transmission 
technique information 1850 includes information pertaining to the type of transmission 
technique(s) and/or technology for the pipe, e.g., OFDM, CDMA, an opportunistic beamforming 
technique, an Alamouti technique, etc. Tone information 1852 includes the bandwidth and/or 
set of tones allocated to the pipe as well as any tone hopping information relevant to the pipe. 
Pilot information 1854 includes information defining pilot signals to be received for the pipe. 
By having BS 1700 transmit pilot signals for each pipe, the WT 1800 can measure and estimate 
the channel quality independently for each pipe. Antenna information 1856 includes 
information indicating which corresponding antennas 1814, 1815 should be used for which 
signals components received for the pipe. 

User information 1838 includes base station identification information 1858, terminal ID 
information 1860, assigned channel information 1862, high/low mobility user classification 
information 1864, a plurality of pipe measurement/channel quality estimation information (pipe 
1 measurement/channel quality estimate information 1866, pipe N measurement/channel quality 
estimate information 1868), selected pipe/segment information 1870, selected pipe/selected 
segment/channel quality report information 1872, and selected pipe control information 1874. 

User information 1838 includes information being currently used by WT 1800. Base 
station ID information 1858 includes identification information of the base station in whose cell 
WT 1800 is currently located, e.g., a value of slope used in a hopping sequence. Terminal ID 
information 1860 is a base station assigned ID used for current identification of WT 1800 by the 
BS 1700 in whose cell WT 1800 is located. 



Assigned channel information 1862 includes downlink channel (s) assigned by the BS 
1700 for the WT 1800 to expect user data to be transmitted on. Assigned channel information 
1862 includes information identifying the specific pipe from a plurality of pipes which BS 1700 
30 has assigned to WT 1800, e.g., for downlink traffic. Assigned channel information 1800 also 
includes characteristics of the pipe, e.g., bandwidth, tones, data rate, modulation scheme, and/or 
any unique characteristic of the pipe incorporated due to the pipe control information 
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communicated by the WT 1800. Assigned channel information 1862 also includes information 
identifying the segments assigned to the WT 1800, e.g., the segments in the assigned pipe. 

High/low mobility user classification information 1864 includes a classification of WT 
5 1800 as a high or low mobility user. In some embodiments, pipes, e.g., communication channels 
and/or segments may be divided and assigned by categories corresponding to a user's mobility 
classification. Pipe 1 measurement/channel quality estimate information 1866 includes 
measurement information, e.g., received pilot signal measurement information, and estimation 
information corresponding to pipe 1, e.g., communication channel 1. Such information 1866 

10 includes channel quality information, e.g., SNR, SIR, fading information, etc, corresponding to 
pipe 1. Pipe N measurement/channel quality estimate information 1868 includes measurement 
and estimation information similar to information set 1866 but corresponding to pipe N, e.g., 
communication channel N. Selected pipe/segment information 1870 includes a WT 1800 pipe 
selection and/or segment selections which are communicated to BS 1700. Selected pipe/selected 

15 segment/channel quality report information 1872 includes channel quality information, e.g., 
information derived from information sets 1866, 1868, corresponding to the WT selected pipe 
designated in information 1870, that shall be included in a feedback report to BS 1700. Selected 
pipe control information 1874 includes control information that shall be sent from the WT 1800 
to BS 1700 instructing the BS 1700 to alter the selected pipe or to form a pipe, e.g., through 

20 reallocation of resources, based on WT 1800 preferences. In some embodiments, the WT shall 
request and be assigned specific segments, e.g., for downlink traffic channel information. 

The communications routine 1822 controls the transmission and reception of data by 
transmitter 1804 and receiver 1802, respectively. Communications routine 1822 also 

25 implements the various communications protocols used by the WT 1800. Communications 
routine 1822 is responsive to scheduling information, received from BS 1700 to insure that 
uplink transmission data/information is transmitted by the WT 1800 at the times authorized by 
the BS 1700 and that downlink transmission data/information is received by WT 1800 at the 
appropriate times. Communications routines 1822 are also responsible for controlling the 

30 display and/or audio presentation of received information from BS 1700 to a user via I/O 
devices 1806. 
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WT control routines 1824 control the operation of the WT 1800 and implement methods 
of the present invention. Channel condition measurement module 1826 measures and estimates 
channel conditions for a plurality of pipes, e.g., channels, obtaining pipe 1 measurement/channel 
quality estimate information 1866, pipe N measurement channel quality estimate information 
5 1868. 

Pipe selection module 1828 compares channel measurement and/or estimation 
information, e.g., pipe 1 measurement/channel quality estimate information 1866, pipe N 
measurement/channel quality estimate information 1868, selects a channel, e.g., the channel 
10 with the best quality estimate, and stores the selection in selected pipe/segment info 1870. In 
some embodiments, the pipe selection module 1828 may select more than one pipe which may 
be used, e.g., a subset of pipes which have a quality level sufficient to support the needs of WT 
1800. In some embodiments, the pipe selection module 1828 selects specific segments, e.g., 
specific downlink traffic segments, that WT 1800 would like to be BS 1700 to assign WT 1800. 

15 

Pipe selection/segment selection/channel condition reporting module 1830 uses data 
information 1820 including the selected pipe/segment info 1870 and the corresponding 
measurement/quality estimate information from info 1866, 1868 to generate a selected 
pipe/selected segment/channel quality report 1872. The reporting module 1830 in conjunction 
20 with the communications routine 1822 controls the transmitter 1804 to transmit the report 
information 1872 to the BS 1700. 

Pipe control information selection and reporting module 1832 uses the data/information 
1820 including high/low mobility user classification information 1864, selected pipe/segment 

25 information 1870, the characteristics of the selected pipe included in pipe info 1846, 1848, 
and/or characteristics of the segment data/information 1834, e.g., voice, data, video, data rate, 
etc., to generate selected pipe control information 1874. Pipe control information selection and 
reporting module 1832 in conjunction with the communications routine 1822 communicates the 
selected pipe control information 1874 to the BS 1700. In some embodiments, selected pipe, 

30 selected pipe channel quality feedback information and selected pipe control information are 
communicated in the same report to the BS 1700. In some embodiments, some of the set of 
selected channel, channel quality information, and selected pipe control information is 
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communicated and used by the BS 1700, e.g., one of the three items, while the other information 
is not. 

Figure 19 is a flowchart 1900 illustrating an exemplary communications method in 
5 accordance with the present invention. Operation starts in step 1902 where the communications 
system is powered on and initialized. In step 1904 a base station is operated to generate and 
transmit signals, e.g., pilot signals, for each of a plurality of different wireless communications 
channels, which the base station can use to communicate information between the base station 
and a wireless communications terminal, said plurality of different wireless communications 

10 channels including at least a first communications channel and a second communications 
channel, the first and the second communications channels having different quality 
characteristics which are a function of first and second transmission technologies used to 
establish said communications channels, said first and second technologies being different. In 
some embodiments, the first and second technologies are different access technologies, e.g., 

15 different incompatible access technologies. In some embodiments, the different access 

technologies include at least two of the following technologies: CDMA, OFDM, and single 
carrier technology. In some embodiments, the different access technologies include frequency 
hopping technologies and non-frequency hopping technologies. In some embodiments, the 
different access technologies include different technologies defined on different technology 

20 standards which are incompatible as indicated by neither of the two standards complying to the 
other. Operation proceeds from step 1904 to step 1906. 

In step 1906, the wireless communications terminal is operated to receive and process 
signals, e.g., pilot signals, for each of the plurality of different communications channels 

25 generating quality information for each of the plurality of different communications channels. 
Operation proceeds from step 1906 to step 1908. In step 1908, the wireless communications 
terminal is operated to use the generated quality information to maintain a set of 
communications quality information for the plurality of different wireless communications 
channels. Then, in step 1910, the wireless communications terminal is operated to select 

30 between the plurality of different communications channels based on the maintained set of 
communications quality information to thereby select the channel corresponding to the 
transmission technology which provides the better transmission characteristics to said wireless 
communication terminal. Next, in step 1912, the wireless communications terminal is operated 
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to communicate the channel selection to the base station. In step 1914, the wireless 
communications terminal is operated to communicate channel quality information, e.g., SNRs, 
SIRs, fading information, etc., associated with the selected channel and with alternative 
channel(s) to the base station. Operation proceeds from step 1914 via connecting node A 1916 
5 to step 1918. hi step 1918, the wireless communications terminal is operated to communicate 
channel control information associated with the selected channel to the base station, e.g., a 
bandwidth, a duration, a technology type, etc. In some embodiments, the information 
communicated in steps 1912, 1914, and 1918 is communicated together in a signal, e.g., 
message. In some embodiments some of the information of steps 1912, 1914, and 1918 is not 
10 communicated to the base station, e.g., the wireless communication device transmits information 
from one of the three steps 1912, 1914, 1918, and does not transmit information corresponding 
to the other two steps. Operation proceeds from step 1918 to step 1920. 



In step 1920, the base station is operated to receive the communicated selected channel, 
15 the communicated channel quality information, and the communicated channel control 
information. Then in step 1922, the base station is operated to reallocate communications 
resources from one of the plurality of communications channels to a generated communications 
channel using a different technology as a function of the received information, e.g., selected 
channel, channel quality information, and/or channel control information, from the wireless 
20 communications terminal. Operation proceeds from step 1922 to step 1924. In step 1924, the 
base station is operated to assign the generated communications channel to the wireless 
communication terminal and communicate the assignment information to the wireless 
communications terminal. Then, in step 1926, the wireless communications terminal is operated 
to receive the assignment from the base station. In step 1928, the base station is operated to 
25 transmit user data/information, e.g., downlink traffic channel user data/information, on the 

assigned generated communications channel. Then, in step 1930, the wireless communications 
terminal is operated to receive and process user data/information, e.g., downlink traffic channel 
user data/information, on the assigned generated communications channel. Operation proceeds 
from step 1930 to end node 1932. 

30 

Figure 20 illustrates a flow chart 2000 showing the steps involved with the operation of a 
wireless terminal, e.g., exemplary mobile node, in accordance with the present invention. As 
shown in Fig. 20. The steps shown in Fig. 20 may be performed by a wireless terminal 
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operating under software control where the software is implemented in accordance with the 
present invention and executed by the wireless terminals CPU. The routine starts in step 2002 
when the control software is executed, e.g., upon wireless terminal activation or power up. 
Operation proceeds from start step to steps 2004 and 2008 which represent the start of parallel 
5 processing paths. The motion estimation path which starts in step 2008 is optional and not 
employed in some embodiments. 



In step 2008 the wireless terminal determines, e.g., estimates, the rate of wireless 
terimain motion form one or more received signals. The received signals may be GPS position 

10 information signals, signals received from the base station instructing the wireless terminal to 
advance or delay its clock, e.g., as part of a symbol transmission timing adjustment, power 
control signals or other signals. Rate of motion may also be determined by measuring a Doppler 
shift in a signal received from the base station. With the rate of motion determined in step 2008, 
operation proceeds to step 2010 where the rate of motion is examined to determine if it is a fast 

15 or slow rate of motion. Other rate determinations are also possible. Form step 2010 operation 
proceeds to step 2012 or 2014 which involve selecting a technology to be used for 
communication to match the rate of motion. Step 2012 involves selection of a technology which 
is well suited for wireless terminals moving quickly. The method selected in step 2012 in some 
embodiments uses relatively little or no channel information to adjust BS antenna patterns 

20 and/or other base station transmission characteristics. The Alamoti communications method is 
one example of a communications technology which may be selected in step 2012 while other 
selections are also possible. Operation proceeds from step 2012 to step 2016. 



In step 2014, which corresponds to a slow rate of motion, e.g., a rate of motion which is 
25 slower than the rate threshold value used in step 2010, a technology which is well suited for a 
slow moving or stationary wireless terminal is selected. The selected transmission or access 
technology selected in step 2012 uses channel feedback information from the mobile to adjust 
the antenna patterns and/or other transmission characteristics. The technology will, in many 
cases, involve the use of a higher channel feedback rate than is used for the technology which 
30 will be selected in step 2012. Thus, in accordance with the present invention, the selected 
technology in the case of a slow moving mobile may, and often does, involve more channel 
condition feedback information, e.g., SNR or SIR reports, to the base station than are provided 
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by the wireless terminal in the case of a fast moving wireless terminal where the channel 
conditions change rapidly. Operation proceeds from step 2014 to step 2016. 

In the processing path starting with step 2004, channel quality estimates are generated 
5 for multiple channels, e.g., channels corresponding to different and often incompatible 

communications technologies. In step 2004 channel quality estimates are generated for at least 2 
channels corresponding to different communications technologies. Then, in step 2006 the 
channel quality information maintained in the wireless terminals memory for each of a plurality 
of different channels corresponding to different communications technologies is updated with at 
10 least the information generated in step 2004. Operation proceeds from step 2006 to step 20016. 

In step 2016 the communications channel which the wireless terminal would prefer to 
use is selected based on the channel quality information, for example, the communications 
channel having the best channel quality is selected. This selection may be subject ot the 
15 technology selection made in step 20012, 20014 and may therefore be based on the wireless 
terminal's rate of motion. In some embodiments motion rate information is not used in step 
2016 in which case the wireless terminal will simply select the best channel as indicated by the 
sets of channel quality information maintained for each of the plurality of channels which are 
supported by the base station. 

20 

Operation proceeds from channel selection step 2016 to communication step 2018. 
Selection step 2016 may be skipped, e.g., omitted, in embodiments where the base station is 
responsible for channel selection. In such embodiments operation would proceed directly from 
steps 2006, and/or 20012, 2014 to step 2018. In step 2018 the wireless terminal 

25 communications a channel selection if a channel selection was made. The signal indicating a 
selected channel was generated from information indicating the channel quality of at least two 
different channels as a result of the selection process performed in step 2016. In addition and/or 
as an alternative to indicating a channel selection, the wireless terminal may generate and 
transmit to the base station one or more signals providing channel quality information for 

30 multiple channels, e.g., at least two channels corresponding to different technologies, and/or 
technology selection information, e.g., information indicating a selected transmission 
technology. In response to such signals the base station will normally assign one or more 
segment of a selected channel to the wireless terminal and/or make a channel selection based on 
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the received information. The base station may, and in some embodiments does, create a 
channel corresponding to the selected technology and/or reallocate resources from a different 
channel to a channel corresponding to the selected technology and/or selected channel. The 
resources which are reallocated in response to wireless terminal signals will normally come from 
5 a channel implemented using a technology which the wireless terminal has not selected. In this 
manner additional channel capacity may be dynamically established in response to a wireless 
terminals selection or need to use a channel implemented using a particular technology. In step 
2018 the wireless terminal may also signal to the base station the amount of data it seeks to send 
on a channel corresponding to a particular technology and/or the period of time it seeks to use a 
10 channel corresponding to a particular technology. 

Operation proceeds from communication/signal transmission step 2018 to step 2020 in 
which the wireless terminal switches to the selected channel if it is different from a previously 
selected channel. If the technology used in the selected communications channel is different 

15 form the previously used channel, the wireless terminal changes the processing of reciv3ed 
signals and/or one or more physical reception characteristics such as the number of antennas 
used to receive signals communicated in the channel as may be necessary to receive and process 
signals in accordance with the technology used to implement the selected channel. Wireless 
terminal operation while in an on-state occurs on an ongoing basis with operation proceeding 

20 form step 2020 to steps 1004 and/or 2008. In this manner, the channels will be periodically 

evaluated and a different channel corresponding to a different technology may be selected as the 
wireless terminals conditions and/or rate of movement vary. 

Figure 21 illustrates the steps of a method 2100 preformed by a base station in one 
25 exemplary embodiment. The method begins in step 2102. Operation proceeds from step 2102 
to step 2103. In step 2103, the base station receives at least one signal from a wireless terminal. 
The signal may be a channel selection signal indicating a selected wireless terminal channel 
selection and request for an assignment of segments in the selected channel. It might also be a 
signal indicating the quality of multiple different channels as measured by the wireless terminal 
30 indicating a request for the BS to select a channel for the wireless terminal and assign segment 
to the wireless terminal from the selected channel. Step 2103 is preformed on an ongoing bases 
with operation proceeding from step 2103 as signals are received. Once a signal is received 
form wireless terminal relating to a channel selection and/or assignment request, operation 
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proceeds to steps 2108 and 2120. Step 2108 represents the start of a processing path which is 
responsible for mobile node motion detection and for selecting a transmission technology 
suitable for the wireless terminals determined rate of motion. Steps 2108, 21 10, 2112, 21 14 and 
channel selection step 21 16 are similar to those steps 2008, 2010, 2012, 2014 and channel 
5 selection step 2016 previously described with regard to Fig. 20 but they occur in the base station 
instead of the wireless terminal. Accordingly, these steps will not be described in detail for the 
sake of brevity. 

In step 2120 a determination is made if the received signal indicates a selected channel, 
10 e.g., a channel corresponding to a particular transmission technology. If the signal does not 
indicate a selected channel, a operation proceeds to step 2116 where channel is selected, e.g., 
based on channel quality information in the received signal. Operation proceeds from 2120 in 
the case where the signal indicates a selected channel or from step 2116 where the base station 
selects the channel to step 2122. In step 2122, a determination is made as to whether there are 
15 sufficient channel resources, e.g., available segments in the selected channel, to satisfy the 

request for the selected channel. If there are sufficient channel segments available in a channel 
implemented with the technology corresponding to the requested channel type, operation 
proceeds to step 2128. Otherwise operation proceeds from step 2122 to step 2124. 

20 In step 2124 the base station reallocates communications resources to create and/or 

enlarge a channel corresponding to the technology of the selected channel in order to satisfy the 
wireless terminals request for a channel implemented with a specific technology. Operation 
then proceeds to step 2128. In step 2128, the base station allocates segments in a channel 
implemented using the technology corresponding to the selected channel. Thus, the selected 

25 channel may be a channel created, e.g., in response to a wireless terminal's selection of a channel 
corresponding to a particular technology, or a pre-existing channel. 



30 



Processing of signals from wireless terminals and channel segment allocation and 
reallocations of channel resource occur on an ongoing basis, e.g., while the base station is in 
operation. 
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Numerous various on the method of the present invention are possible. Different 
implementations can be achieved by using different combinations of steps and/or performing 
different processing or selection operations in a particular step. 

5 A first exemplary communications method which will node be described includes a 

combination which involves performing the following step: 

operating a wireless communications terminal to maintain a set of communications 
quality information for a plurality of different wireless communications channels which can be 
used to communicate information between a base station and said wireless communications 
10 terminal, said plurality of different wireless communications channels including at least a first 
communications channel and a second communications channel, the first and second 
communications channels having different quality characteristics which are a function of first 
and second transmission technologies used to establish said first and second communications 
channels, respectively, said first and second transmission technologies being different; 
15 operating the wireless terminal to generate a signal as a function of the maintained 

communications channel quality information corresponding to at least said first and said second 
communications channels; and 

transmitting said signal to said base station. 



20 In the first exemplary embodiment noted above, said signal may provide information on 

the quality of at least said first and said second communications channel. The first exemplary 
method may further include the step of operating the base station to select between multiple ones 
of said plurality of communications channels to use to communicate information to said wireless 
communications terminal as a function of the channel quality information included in said 

25 signal. Said first and second technologies used to implement the first exemplary method may 
be, and sometimes are, different incompatible access technologies. The different access 
technologies supported by a base station implementing the method may and sometimes do 
include CDMA, OFDM, and narrowband signal carrier technologies. In some embodiments each 
of the different access technologies corresponds to a different technology standard which defines 

30 requirements for complying with the particular access technology, said different access 

technologies being incompatible as indicated by the technology standard corresponding to one 
of said different access technologies defining communications requirements which violate the 
defined requirements of the other different access technologies. 
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In some embodiments of the first exemplary method at least one of the base station and 
the wireless terminal includes multiple antennas while the method further includes the steps of: 
making a measurement indicative of a rate of motion of said wireless terminal and operating one 
5 of the base station and mobile to select a communications channel for use in communicating to 
said wireless terminal as a function of the measurement indicative of the rate of motion of said 
mobile node. Either the wireless terminal or the base station may make the measurement 
indicative of the rate of motion of the wireless terminal depending on the particular 
implementation. 

10 

In some embodiments of die first method, the step of operating one of the base station 
and mobile to select a communications channel includes operating said one to perform the steps 
of: selecting the first communications technology when said measurement indicates a first rate 
of wireless terminal movement, said first communications technology providing a first amount 

15 of frequency diversity to the wireless terminal; and selecting a communications channel 

corresponding to the second communications technology when said measurement indicates a 
second rate of wireless terminal movement, the second communications technology using 
antenna beam forming as a function of feedback information received from the wireless 
terminal, said second rate of wireless terminal movement being slower than said first rate of 

20 wireless terminal movement. In various embodiments of the first exemplary method which 
involve making a measurement indicative of a rate of motion of said wireless terminal the step 
of making a measurement may include making a measurement of a Doppler shift in a signal 
transmitted between said base station and said wireless terminal. The step of making a 
measurement indicative of a rate of motion of said wireless terminal may alternatively include 

25 measuring the rate of change in at least one of: timing control signals which are used to instruct 
the mobile to make at clock timing change; the rate at which the power in a periodically 
transmitted signal from the mobile node changes over with time, a rate of change in a measured 
quality of a communications channel, and a rate of change in a channel fading measurement. In 
the exemplary method, the step of operating one of the base station and mobile to select a 

30 communications channel may and sometimes does include: selecting the first communications 
channel corresponding to a first technology when said measurement indicates a first rate of 
wireless terminal movement, said first communications technology using a first amount of 
channel quality feedback signaling from said wireless terminal to said base station; and selecting 
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a communications channel corresponding to the second communications technology when said 
measurement indicates a second rate of wireless terminal movement, the second rate of wireless 
terminal movement being lower than said first rate of wireless terminal movement, the second 
communications technology using a second amount of channel feedback information, the second 
5 amount of channel feedback information being greater than said first amount of channel quality 
feedback information. In some embodiments, said first communications technology uses two 
fixed antennas and is a technology which used an Alamouti transmission method, said first 
communications technology using zero channel quality feedback signaling to said base station to 
control the antenna pattern used to transmit signals from said base station in particular 
10 embodiments. In some embodiments the second transmission method is a beam forming 

transmission method which involves forming beams as a function of channel quality feedback 
information received from said wireless terminal. 



In some implementations of the first exemplary method both the base station and the 
15 wireless terminal include multiple antennas. In one such implementation said second 
transmission technology is a multiple-input, multiple-output technique. 



In accordance with various embodiment of the present invention, the base station 
includes one or more routines in memory which operate as a channel segment scheduler and a 

20 resource allocator. The channel segment schedule assigned channel segments to wireless 
terminals, e.g., in response to channel selection and/or channel assignment request signals 
received from one or more wireless terminals. The resource allocator is responsible for 
allocating resources between channels corresponding to different technologies and may reassign 
resources from a channel corresponding to one technology to a channel corresponding to another 

25 technology, e.g., in response to channel selection signals or channel assignment requests 
received from one or more wireless terminals. 



In some implementations of the first exemplary method the step of operating one of the 
base station and mobile to select a communications channel includes selecting the first 
30 communications technology when said measurement indicates a first rate of wireless terminal 
movement, said first communications technology providing at least one of a higher frequency 
diversity and a time diversity than a second communications channel and selecting the second 
communications channel corresponding to the second communications technology when said 
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measurement indicates a second rate of wireless terminal movement, the second rate of wireless 
terminal movement being lower than said first rate of wireless terminal movement, the second 
communications technology providing a high spatial diversity than is available from the first 
communications channel corresponding to the first communications technology. 

5 

In some implementations of the first method, the step of operating one of the base station 
and mobile to select a communications channel includes operating said one to perform the steps 
of: selecting a channel in said plurality of channels which provides a higher frequency or time 
diversity than is available from the non-selected communications channels in said plurality of 
10 channels when changes in channel conditions are occurring at a rapid rate; and selecting another 
channel in said plurality of channels which provides higher spatial diversity than said channel 
which is selected when changes in channel conditions are occurring at said rapid rate, said 
another channel being selected when changes in channel conditions are occurring at a slow rate, 
said slow rate being a rate which is slower than said rapid rate. 

15 

One or more of the plurality of channels used in various embodiments by a base station 
may be fixed, periodic and/or dynamically generated. Various combinations of channels and 
types of channels, e.g., fixed and dynamically created, are also possible. In some embodiments 
at least some of said plurality of fixed communications channels are periodic in nature with 

20 different combinations of channels existing at different points in time, the combination of 
channels exiting at any point in time being predictable due to the periodic nature of the 
communications channels. In some implementations of the exemplary method, the base station 
periodically reallocates resources between channels corresponding to different technologies 
based on a predetermined schedule. In various implementations the base station reallocates 

25 resources between channels corresponding to different technologies based on signals received 
from one or more wireless terminals. As part of the method of the invention, the base station 
may create a channel corresponding to a particular technology in response to a signal indicating 
a request for a channel using the particular technology from a wireless terminal. The base 
station sometimes maintains channels created in response to signals from a wireless terminal for 

30 a period of time which is a function of at least one signal received from said wireless terminal 
which requested the channel. 
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In some implementations of the method of the invention the base station includes 
multiple antennas, a first set of wireless terminals which interact with said base station in one 
such embodiment includes multiple receive antennas while a second set of wireless terminals 
which interact with said base station each include only a single receive antenna. In such an 
5 embodiment mobile nodes including multiple receive antennas using a communications channel 
corresponding to a M1MO technology during some points in time with which they interact with 
said base station and using channels corresponding to technologies which require only a single 
receive antenna at different points in time when interacting with said base station. In the case 
where some wireless terminals include only a single receive antenna, those terminals interact 
10 with the base station using one or more channels corresponding to a technology which does not 
require multiple receive antennas. 



In various embodiments of the first exemplary method the base station to reallocates 
communications resources from one of the plurality of communications channels to a 
15 communications channel using a different communications technology as a function of the 
signal received from said wireless terminal. 



In some embodiments where the generated signal transmitted to the base station by the 
wireless terminal indicates the channel selection to the base station, the method includes 

20 operating the wireless terminal to select between the plurality of communications channels based 
on the maintained set of communications quality information to thereby select the channel 
corresponding to the transmission technology which provides the better transmission 
characteristics to said wireless communications terminal. In some implementations of the first 
exemplary method, the base station operates to alter the use of communications resources to 

25 increase the amount of resources used to generate a communications channel using the 
technology corresponding to a communications channel selected by the wireless terminal. 

While described primarily in the context of an OFDM system, the methods and apparatus 
of the present invention, are applicable to a wide range of communications systems including 
30 many non-OFDM and/or non-cellular systems. 



In various embodiments nodes described herein are implemented using one or more 
modules to perform the steps corresponding to one or more methods of the present invention, for 
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example, signal processing, message generation and/or transmission steps. Thus, in some 
embodiments various features of the present invention are implemented using modules. Such 
modules may be implemented using software, hardware or a combination of software and 
hardware. Many of the above described methods or method steps can be implemented using 
5 machine executable instructions, such as software, included in a machine readable medium such 
as a memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose 
computer with or without additional hardware, to implement all or portions of the above 
described methods, e.g., in one or more nodes. Accordingly, among other things, the present 
invention is directed to a machine-readable medium including machine executable instructions 
10 for causing a machine, e.g., processor and associated hardware, to perform one or more of the 
steps of the above-described method(s). 



Numerous additional variations on the methods and apparatus of the present invention 
described above will be apparent to those skilled in the art in view of the above description of 

15 the invention. Such variations are to be considered within the scope of the invention. The 
methods and apparatus of the present invention may be, and in various embodiments are, used 
with CDMA, orthogonal frequency division multiplexing (OFDM), and/or various other types of 
communications techniques which may be used to provide wireless communications links 
between access nodes and mobile nodes. In some embodiments the access nodes are 

20 implemented as base stations which establish communications links with mobile nodes using 
OFDM and/or CDMA. In various embodiments the mobile nodes are implemented as notebook 
computers, personal data assistants (PDAs), or other portable devices including 
receiver/transmitter circuits and logic and/or routines, for implementing the methods of the 
present invention. 
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WHAT IS CLAIMED IS: 

1 1 . A communications method, the method comprising the steps of: 

2 operating a wireless communications terminal to maintain a set of communications 

3 quality information for a plurality of different wireless communications channels which can be 

4 used to communicate information between a base station and said wireless communications 

5 terminal, said plurality of different wireless communications channels including at least a first 

6 communications channel and a second communications channel, the first and second 

7 communications channels having different quality characteristics which are a function of first 

8 and second transmission technologies used to establish said first and second communications 

9 channels, respectively, said first and second transmission technologies being different; 

10 operating the wireless terminal to generate a signal as a function of the maintained 

1 1 communications channel quality information corresponding to at least said first and said second 

12 communications channels; and 

13 transmitting said signal to said base station. 

1 2. The method of claim 1 , wherein said signal provides information on the quality of at 

2 least said first and said second communications channel. 

1 3. The method of claim 2, further comprising: 

2 operating the base station to select between multiple ones of said plurality of 

3 communications channels to use to communicate information to said wireless communications 

4 terminal as a function of the channel quality information included in said signal. 

1 4. The method of claim 1, 

2 wherein said first and second technologies are different incompatible access 

3 technologies. 

1 5. The method of claim 4, where the different access technologies include CDMA, OFDM, 

2 and narrowband signal carrier technologies. 

1 6. The method of claim 4, where each of the different access technologies corresponds to a 

2 different technology standard which defines requirements for complying with the particular 
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3 access technology, said different access technologies being incompatible as indicated by the 

4 technology standard corresponding to one of said different access technologies defining 

5 communications requirements which violate the defined requirements of the other different 

6 access technologies. 

1 7. The method of claim 1, wherein at least one of the base station and the wireless terminal 

2 include multiple antennas, the method further comprising: 

3 making a measurement indicative of a rate of motion of said wireless terminal; 

4 operating one of the base station and wireless terminal to select a communications 

5 channel for use in communicating to said wireless terminal as a function of the measurement 

6 indicative of the rate of motion of said wireless terminal. 

1 8. The method of claim 7, wherein the step of operating one of the base station and wireless 

2 terminal to select a communications channel includes: 

3 selecting the first communications technology when said measurement indicates a first 

4 rate of wireless terminal movement, said first communications technology providing a first 

5 amount of frequency diversity to the wireless terminal; and 

6 selecting a communications channel corresponding to the second communications 

7 technology when said measurement indicates a second rate of wireless terminal movement, the 

8 second communications technology using antenna beam forming as a function of feedback 

9 information received from the wireless terminal, said second rate of wireless terminal movement 
10 being slower than said first rate of wireless terminal movement. 

1 9. The method of claim 7, wherein said step of making a measurement indicative of a rate 

2 of motion of said wireless terminal includes making a measurement of a Doppler shift in a signal 

3 transmitted between said base station and said wireless terminal. 

1 10. The method of claim 7, wherein said wherein said step of making a measurement 

2 indicative of a rate of motion of said wireless terminal includes measuring the rate of change in 

3 at least one of: timing control signals which are used to instruct the wireless terminal to make at 

4 clock timing change; the rate at which the power in a periodically transmitted signal from the 

5 wireless terminal changes over with time, a rate of change in a measured quality of a 

6 communications channel, and a rate of change in a channel fading measurement. 
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1 11. The method of claim 7, wherein the step of operating one of the base station and wireless 

2 terminal to select a communications channel includes: 

3 selecting the first communications technology when said measurement indicates a first 

4 rate of wireless terminal movement, said first communications technology using a first amount 

5 of channel quality feedback signaling from said wireless terminal to said base station; and 

6 selecting a communications channel corresponding to the second communications 

7 technology when said measurement indicates a second rate of wireless terminal movement, the 

8 second rate of wireless terminal movement being lower than said first rate of wireless terminal 

9 movement, the second communications technology using a second amount of channel feedback 

10 information, the second amount of channel feedback information being greater than said first 

1 1 amount of channel quality feedback information. 

1 12. The method of claim 11, wherein said first communications technology uses two fixed 

2 antennas and is a technology which used an Alamouti transmission method, said first 

3 communications technology using zero channel quality feedback signaling to said base station to 

4 control the antenna pattern used to transmit signals from said base station. 

1 13. The method of claim 1 1 , wherein, said second transmission method is a beam forming 

2 transmission method which involves forming beams as a function of channel quality feedback 

3 information received from said wireless terminal. 

1 14. The method of claim 11, wherein both the base station and the wireless terminal include 

2 multiple antennas, said second transmission technology is a multiple-input, multiple-output 

3 technique. 

1 15. The method of claim 7, wherein the step of operating one of the base station and wireless 

2 terminal to select a communications channel includes: 

3 selecting the first communications technology when said measurement indicates a first 

4 rate of wireless terminal movement, said first communications technology providing at least one 

5 of a higher frequency diversity and a time diversity than a second communications channel; and 

6 selecting the second communications channel corresponding to the second 

7 communications technology when said measurement indicates a second rate of wireless terminal 

8 movement, the second rate of wireless terminal movement being lower than said first rate of 
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9 wireless terminal movement, the second communications technology providing a high spatial 

10 diversity than is available from the first communications channel corresponding to the first 

1 1 communications technology. 

1 16. The method of claim 7, wherein the step of operating one of the base station and wireless 

2 terminal to select a communications channel includes: 

3 selecting a channel in said plurality of channels which provides a higher frequency or 

4 time diversity than is available from the non-selected communications channels in said plurality 

5 of channels when changes in channel conditions are occurring at a rapid rate; and 

6 selecting another channel in said plurality of channels which provides higher spatial 

7 diversity than said channel which is selected when changes in channel conditions are occurring 

8 at said rapid rate, said another channel being selected when changes in channel conditions are 

9 occurring at a slow rate, said slow rate being a rate which is slower than said rapid rate. 

1 17. The method of claim 1, wherein said plurality of channels are fixed. 

1 18. The method of claim 17, wherein at least some of said plurality of fixed communications 

2 channels are periodic in nature with different combinations of channels existing at different 

3 points in time, the combination of channels exiting at any point in time being predictable due to 

4 the periodic nature of the communications channels. 

1 19. The method of claim 1, wherein the base station periodically reallocates resources 

2 between channels corresponding to different technologies based on a predetermined schedule. 

1 20. The method of claim 1, wherein the base station reallocates resources between channels 

2 corresponding to different technologies based on signals received from one or more wireless 

3 terminals. 

1 21 . The method of claim 20, wherein the base station creates a channel corresponding to a 

2 particular technology in response to a signal indicating a request for a channel using the 

3 particular technology from a wireless terminal. 
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1 22. The method of claim 21, wherein the base station maintains said created channel for a 

2 period of time which is a function of at least one signal received from said wireless terminal 

3 which requested the channel. 

1 23. The method of claim 1, wherein the base station includes multiple antennas, a first set of 

2 wireless terminals which interact with said base station including multiple receive antennas, a 

3 second set of wireless terminals which interact with said base station including a single antenna, 

4 wireless terminals including multiple receive antennas using a communications channel 

5 corresponding to a MMO technology during some points in time with which they interact with 

6 said base station and using channels corresponding to technologies which require only a single 

7 receive antenna at different points in time when interacting with said base station. 

1 24. The method of claim 23, wherein wireless terminals which include only a single receive 

2 antenna interact with said base station using one or more channels corresponding to a 

3 technology which does not require multiple receive antennas. 

1 25. The method of claim 1, further comprising: operating the base station to reallocate 

2 communications resources from one of the plurality of communications channels to a 

3 communications channel using a different communications technology as a function of the 

4 signal received from said wireless terminal. 

1 26. The method of claim 1, further comprising: 

2 operating the wireless terminal to select between the plurality of communications 

3 channels based on the maintained set of communications quality information to thereby select 

4 the channel corresponding to the transmission technology which provides the better transmission 

5 characteristics to said wireless communications terminal; and 

6 wherein said generated signal indicates the channel selection to the base station. 

1 27. The communications method of claim 1, further comprising: 

2 operating the base station to alter the use of communications resources to increase the 

3 amount of resources used to generate a communications channel using the technology 

4 corresponding to a communications channel selected by the wireless terminal as indicated by 

5 information received by the base station. 
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1 28. A wireless terminal comprising: 

2 a set of communications quality information for a plurality of different wireless 

3 communications channels which can be used to communicate information between a base 

4 station and said wireless communications terminal, said plurality of different wireless 

5 communications channels including at least a first communications channel and a second 

6 communications channel, the first and second communications channels having different quality 

7 characteristics which are a function of first and second transmission technologies used to 

8 establish said first and second communications channels, respectively, said first and second 

9 transmission technologies being different; 

10 means for generating a signal as a function of the maintained communications channel 

1 1 quality information corresponding to at least said first and said second communications 

12 channels; and 

13 a transmitter for transmitting said signal to said base station. 

1 29. The wireless terminal of claim 28, wherein said signal provides information on the 

2 quality of at least said first and said second communications channel. 

1 30. The wireless terminal of claim 29, 

2 wherein said wireless terminal includes a receiver capable of receiving signals 

3 transmitted using said first and second technologies, said first and second technologies being 

4 different incompatible access technologies. 

1 31. The wireless terminal of claim 30, where the different access technologies include at 

2 least two of CDMA, OFDM, and narrowband signal carrier technologies. 

1 32. The wireless terminal of claim 29, wherein said wireless terminal includes a receiver 

2 capable of receiving signals transmitted using said first and second technologies where each of 

3 the different access technologies corresponds to a different technology standard which defines 

4 requirements for complying with the particular access technology, said different access 

5 technologies being incompatible as indicated by the technology standard corresponding to one 

6 of said different access technologies defining communications requirements which violate the 

7 defined requirements of the other different access technologies. 
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1 33. The method of claim 29, wherein said wireless terminal further comprises : 

2 multiple receive antennas, 

3 means for making a measurement indicative of a rate of motion of said wireless terminal; 

4 and 

5 means for selecting a communications channel for use in communicating to said wireless 

6 terminal as a function of the measurement indicative of the rate of motion of said wireless 

7 terminal. 

1 34. A base station comprising: 

2 means for transmitting signals corresponding to a plurality of different communications 

3 channels in parallel, at least two of said communications channels corresponding to different 

4 access technologies; 

5 means for receiving a signal from a wireless terminal which was generated as a function 

6 of signal quality information corresponding to at least two different communications channels, 

7 said two different communication channels corresponding to different communications 

8 technologies; and 

9 a channel segment allocator for allocating channels segments to said wireless terminal as 
10 a function of the received signal. 

1 35. The base station of claim 34, further comprising: 

2 a resource allocation controller for controlling the allocation of resources to 

3 communications channels in response to signals received from wireless terminals indicating the 

4 selection of a channel corresponding to a particular technology. 

1 36. The base station of claim 35, wherein said resource allocation controller is responsive to 

2 channel request information to create a communications channel using a technology selected by 

3 a wireless terminal. 

1 37. The base station of claim of claim 35, wherein said resource allocation controller 

2 reallocates resources from a communications channel implemented using a first technology to a 

3 communications channel using a second technology when the demand for a communications 

4 channel using the second technology increases, said first and second communications 

5 technologies being different. 
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1 38. The base station of claim 34, further comprising: 

2 a channel selection means for selecting a channel to be used to communicate with said 

3 wireless terminal as a function of channel information corresponding to at least two different 

4 communications channels implemented using different technologies as a function of a signal 

5 received from a wireless terminal, the two different communications channels corresponding to 

6 different access technologies. 
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